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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  alford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice, 
so  that  the  student  may  be  enabled  to  exchange  his 
present  vocation  for  a  more  congenial  one  or  to  rise  to  a 
higher  level  in  the  one  he  now  pursues.     Furthermore,  he 
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wishes  to  obtain  a  good  working  knowledge  of  the  subjects 
treated  in  the  shortest  time  and  in  the  most  direct  manner 
possible. 

In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  men- 
suration, and  in  no  case  is  any  greater  knowledge  of 
mathematics  needed  than  the  simplest  elementary  principles 
of  algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic 
table.  To  effect  this  result,  derivations  of  rules  and 
formulas  are  omitted,  but  thorough  and  complete  instruc- 
tions are  given  regarding  how,  when,  and  under  what 
circumstances  any  particular  rule,  formula,  or  process 
should  be  applied;  and  whenever  possible  one  or  more 
examples,  such  as  would  be  likely  to  arise  in  actual  practice 
— together  with  their  solutions — are  given  to  illustrate  and 
explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  ezplanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
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heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the 
maximum  of  information  in  a  minimum  space,  but  this 
information  is  so  ingeniously  arranged  and  correlated,  and 
the  indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper 
formula,  method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

Four  of  the  volumes  of  this  library  are  devoted  to  subjects 
pertaining  to  shop  and  foundry  practice.  The  present  vol- 
ume, the  fourth  of  the  series,  treats  on  the  following  sub- 
jects :  machine  molding,  foundry  appliances,  malleable 
casting,  brass  founding,  and  blacksmithing  and  forging. 
The  first  four  of  the  subjects  named  form  a  continuation  of 
the  treatment  of  molding  and  foundry  practice.  Special 
attention  is  called  to  the  paper  on  Malleable  Casting;  this  is 
believed  to  be  the  first  attempt  in  print  to  give  reliable 
information  concerning  this  extremely  important  subject, 
and  this  feature  alone  will  render  the  volume  of  great  value 
to  any  one  interested  in  malleable  casting.  The  papers  on 
Blacksmithing  and  Forging  include  heating  furnaces  and 
handling  devices,  and  a  treatment  of  soldering,  brazing,  and 
sweating. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded 
by  the  printer's  section  mark  {§).  Consequently,  a  refer- 
ence such  as  g  37,  page  26,  will  be  readily  found  by  looking 
along  the  inside  edges  of  the  headlines  until  §  S?  is  found, 
and  then  through  §  37  until  page  26  is  found. 

International  Textbook  Company, 


^aovGoQt^lc 


sBBiGooi^lc 


CONTENTS 


Machinb  Molding  Section 

Small  Machines 48 

Pneumatic  Rammers 48 

Moldine  Machines 48 

Foundry  Appliances 

Building:s  and  Grounds 49 

General  Arrangement 49 

Buildings 49 

Equipment 49 

Small  Machines  and  Apparatus 50 

Flasks 60 

Core  Rooms     50 

Cteaning-Room  Equipment .'50 

Mallbablb  Casting 

Properties  and  Composition      51 

Chemical  Composition  ot  Malleable  Iron  .  61 

Irons  Used  in  Making  Malleable  Castings  51 

Iron  Mixtures 51 

Malleable- Iron  Production 51 

Melting  Processes  and  Equipment  ....  51 

Open-Hearth  Melting  Process 52 

Repairing  the  Furnace -  52 

Preparation  of  Molds  for  Malleable  Cast- 
ings       52 

Tapping  and  Pouring  the  Iron      52 

Cleaning  and  Assorting  Hard  Castings  .    .  52 

Annealing  Process 53 

Annealing  Pots  and  Furnaces 53 


^aovGoOt^lc 


iv  CONTENTS 

Mallbablb  Casting — Continued                      Section  Page 

ProvisioQs  for  Heating  Annealing^  Ovens  .  53  12 

Operating  Annealing  Ovens  ,    , 63  19 

Disposition  of  Malleable  Castings  ....  53  24 

Special  Annealing  Equipment 53  31 

Miscellaneous  Processes  and  Equipment    .  53  34 

Brass  Founding 

Making  Brass  Castings      54  1 

Materials  Used  in  Brass  Molding     ....  54  2 

Malcing  Molds  for  Brass  Castings    ....  54  4 

Cleaning  Brass  Castings 54  6 

Appliances  for  Melting  Brass 54  7 

Crucible  Furnace .   .  54  7 

Crucibles  for  Melting  Brass 54  15 

Melting  Copper  and  Old  Brass 64  17 

Deoxidizing  Metals 54  22 

Alloys  and  Mixtures 64  25 

Copper  and  Tin  Alloys 64  25 

Copper  and  Zinc  Alloys 54  28 

Lead  and  Copper  Alloys 54  30 

Manganese  in  Alloys  .    .  , 54  31 

Bismuth  in  Alloys 54  32 

Antimony  and  Babbitt  Metals 54  33 

Phosphorus  and  Phosphor  Bronze   ....  54  36 

Blacksmith-Shop  Equipment 

Heating  Devices 56  1 

Forge  Tuyferes 56  2 

Production  of  the  Blast 56  5 

Disposal  of  Smoke  and  Gases 56  9 

Fuels 56  13 

Blacksmithing  Tools 56  17 

Floor  and  Bench  Tools 56  27 

Iron  Forging 

Manufacture  of  Iron            67  1 

Work  Involving  Scarf  Welds 57  33 

Work  Involving  Butt  Welds  . 57  43 


^aovGoOt^lc 


CONTENTS  V 

Iron  Forging — Continued                                  Seclitm  Page 

Work  Involving  Lap  Welds 67  45 

Practical  Examples  of  Forging 57  46 

Welding  Pipe 67  63 

Tool  Dressing 

.      Treatment  of  Tool  Steel 68  1 

Working  Tool  Steel 68  6 

Temper  Colors  and  Corresponding  Tem- 
peratures of  Steel 58  9 

Lathe  Tools 58  15 

Tool  Dressing 58  20 

Welding  Tool  Steel 68  25 

High-Speed  Tool  Steels 58  29 

Recognizing  Steel 68  33 

Machine-Shop  Cutting  Tools 58  36 

Lathe  and  Planer  Tool  Models 68  36 

Hardening  and  Tbhpeking 

Carbon  Steels 69  1 

Methods  of  Heating 69  2 

Annealing 69  4 

Hardening  Solutions 69  6 

Methods  of  Tempering  .■ 59  8 

Examples  of  Hardening  and  Tempering    .  59  9 

Selection  of  Steel 59  28 

High-Speed  Tool  Steels 59  29 

Special  Furnaces  for  Hardening  and  Tem- 
pering       59  32 

Hardening  Baths 59  42 

High-Temperature  Measurements  ....  69  44 

Treatment  of  Low-Carbon  Steel 

Properties  and  Manufacture  of  Low-Carbon 

Steel   .    .    .    .' 60  1 

Nickel  Steel 60  7 

Annealing  Low-Carbon  Steel 60  9 

Annealing  Steel  Forgings 60  II 

Oil  Treatment  of  Low-Carbon  Steel   ...  60  13 


^aovGoOt^lc 


vi  CONTENTS 

Treatment  op  Low-Carbon  Stbel 

Continued                                                    Seelion  Pag^e 

Temperatures  for  Treating  Steel     ....  60  15 

Case-Hardening  Work  Without  Colors       .60  20 

Case-Hardening  for  Colors 60  24 

Bluing  Steel 60  36 

Hammer  Work 

Power  Hammers 61  1 

Steam  Hammers 61  10 

Steam-Hammer  Valves 61  12 

Proper  Weight  of  Hammer 61  18 

Hammer  Foundations 61  19 

Hammer  Tools 61  21 

Forging  Wrought  Iron 61  27 

Forging  Low-Carbon  Steel 61  30 

Welding  Steel  to  Iron 61  36 

Forging  High-Carbon  Steel 61  36 

Machine  Forging 

Rolling  Operations      62  2 

Graded  Rolling 62  6 

■    Screw-Thread  Rolling 62  9 

Drop  Forging 62  12 

Drop  Hammers  and  Presses 62  12 

Drop-Hammer  Foundations 62  22 

Shears 62  27 

Special  Forging  Operations 

Special  Forging  Equipment 63  1 

Heating  Furnaces 63  1 

Handling  Devices 63  12 

Forging  Structural  Shapes 63  17 

Electric  Welding 63  22 

Thermit  Welding 63  26 

Soldering,  Sweating,  and  Brazing  .    ...  63  30 

Soldering  Aluminum 63  35 

Brazing  Band  Saws 63  43 

Brazing  Cast  Iron 63  44 


^aovGoOt^lc 


CONTENTS  vii 

Special  Forging  Operations — Continued     Section  Page 

Bending  Brass  and  Copper  Pipe 63  45 

Estimating  Stock 63  47 

Useful  Tables 63  49 

Temperatures  Corresponding  to  Various 

Colors 63  49 


^aovGoOt^lc 


D.qil.zMBlG001^IC    ' 


MACHINE  MOLDING. 


SMALL  MACHINES. 


BAMMERS   AND    MOLDING   MACHINES. 


PKBVMATIC  RAMMBRS. 

1.  Rammers  for  Light  Work. — A  form  of  pneu- 
matic rammer  for  light  work  is  shown  in  Pig.  I  (a),  which 
is  operated  by  air  under  a  pressure  of  from  40  to  90  pounds 
per  square  inch.  It  consists  of  a  cylinders  supported  at  the 
middle  on  trunnions  i,  b  that  have  their  bearings  in  a  frame  c. 
This  form  is  provided  with  two  rammers  d  and  e,  one  at  each 
end  f  and  g  of  the  piston  rods,  which  extend  beyond  the  ends 
of  the  cylinder.  One  of  the  rammers  is  a  peen  d  and  the 
other  £&  butt  rammer.  Either  o£  these  may  be  used  at  will 
by  swinging  the  cylinder  on  its  trunnions  so  that  the  desired 
one  stands  downwards.  The  stroke  of  the  piston  is  regu- 
lated by  an  ingeniously  constructed  automatic  reversing 
valve.  The  air  is  supplied  through  a  hose  h.  A  wire  rope  i, 
which  passes  over  a  pulley  and  carries  a  counterweight,  is 
attached  to  an  eyebolt/in  the  top  of  the  machine. 

A  pneumatic  rammer  strikes  from  200  to  300  blows  per 

minute  and  requires  one  man   to  operate  it.     It  is  equally 

economical  and  applicable  for  green-sand,  loam,   floor,  or 

machine  work.     It  strikes  with  uniform  pressure,  and  hence 

§48 

For  notlc*  o(  copjirighc,  we  pass  Immedlstsly  CoUowlns  the  tlUe  paga. 
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the  ramming  can  be  done  more  evenly  and  far  better  than 
by  hand.  In  Fig.  1  {6)  is  shown  a  portable  form  of  pneu- 
matic rammer  that  is  held  by  handles  attached  to  the  cylin- 
der. This  form  has  only  one  rammer  a.  The  end  of  the 
piston  rod  is  constructed  in  such  a  manner  that  either  a 
peen  or  a  butt  rammer  may  be  attached  to  it.  The  flow  of 
air  is  controlled  by  a  valve  operated  by  a  small  trigger  in 
the  right-hand  handle. 

2.  RammerB  for  Heavy  Work. — In  Fig.  1  (c)  is 
shown  another  form  that  is  especially  serviceable  for  back- 
ing up  large  and  deep  molds,  which  ordinarily  takes  a  large 
gang  of  men  several  days  to  ram  them  in  the  old  way.  This 
rammer  is  attached  to  the  supporting  frame  a  by  means  of 
a  long  screw  i.  By  rotating  the  rammer  by  means  of  the 
handles  c,  c,  while  it  is  operating,  it  is  lowered  or  raised  as 
required  to  allow  the  tamping  plate  d  to  reach  the  sand  in 
the  molds.  The  screw  is  hollow  and  serves  to  conduct  the 
air  to  the  cylinder  from  the  hose  that  is  attached  by  means 
of  a  swivel  coupling  e.  The  hook  /"serves  to  attach  the 
rammer  to  a  hoist  on  the  trolley  of  a  jib  crane  or  some  simi- 
lar support  that  will  permit  the  rammer  to  be  easily  shifted 
over  the  surface  of  the  mold.  A  mold  occupying  a  pit 
30  feet  long,  14  feet  wide,  and  8  feet  deep  requires,  accord- 
ing to  regular  practice,  about  25  men  3  days  to  ram  up  the 
sand  back  of  the  mold  ready  for  casting.  With  two  ram- 
ming machines  of  the  form  shown  in  Fig.  1  {c),  12  men 
can  fill  and  ram  it  in  1  day. 


MACHINES. 

3.  The  principal  mechanical  operations  in  molding  con- 
sist of  filling  the  flasks  with  sand,  ramming,  and  withdraw- 
ing the  pattern.  The  filling  is  usually  done  by.  hand  or  with 
the  aid  of  overhead  conveyers.  Molding  machines  perform 
mechanically  a  limited  numlier  of  the  operations  that  are 
necessary  to  produce  a  complete  mold.     In  some  machines 
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preference  is  given  to  the  ramming,  in  others  to  the  drawing 
of  the  patterns,  while  others  are  provided  with  facilities  for 
filling  the  molds  with  sand,  and  a  few  of  the  latest  designs 
include  devices  for  rapping  the  patterns.  Some  machines 
perform  several  of  the  molding  functions,  but  none  combine 
all  of  them  at  the  same  time.  A  large  portion  of  the  work 
necessary  to  complete  a  mold  is  left  in  all  cases  to  be  done 
by  hand.  Many  attempts  have,  however,  been  made  to  do 
away  entirely  with  all-hand  work,  and  to  produce  mechan- 
ically complete  molds  with  the  aid  of  machinery,  but  without 
success.  The  ideal  molding  machine  will  be  one  that  makes 
a  complete  mold  with  the  least  complicated  mechanism.  In 
order  to  be  successful,  it  should  be  simple  in  construction 
and  operation,  and  by  its  use  the  cost  of  castings  should  be 
lessened.  It  is  not  only  necessary  to  cheapen  some  one  or 
more  of  the  molding  operations,  but  the  cost  of  others  must 
not  be  increased. 

The  economical  use  of  molding  machines  requires  good 
judgment  on  the  part  of  the  superintendent  and  foreman  of 
the  foundry  and  ordinary  intelligence  and  good  will  on  the 
part  of  the  operator.  It  is  nof  economical  to  mold  a  few 
small  articles  in  large  flasks  and  on  large  or  heavy  machines, 
flat  work  on  machines  with  deep  draft,  to  use  plain  patterns 
with  easy  draft  on  stripping- plate  machines,  or  mold  round 
shapes  in  square  flasks. 

Manufacturers  of  molding  machines  design  and  construct 
them  to  suit  nearly  all  conditions,  and  if  they  are  to  be  used 
for  producing  a  continuous  run  of  the  same  kind  of  casting, 
machines  adapted  to  that  special  need  will  be  found  the  most 
economical. 

4.  Mold  Presser. — A  mold  presser,  sometimes  called 
a  squeezer,  is  the  simplest  form  of  molding  machine. 
Such  machines  are  suitable  for  molding  flat  articles,  as 
builders'  hardware,  stove  lids,  washers,  wrenches,  etc.,  which 
are  molded  mostly  in  snap  flasks.  The  object  of  the  machine 
is  to  obviate  the  hand-ramming  operation  and  to  increase 
the  daily  output  of  the  molder. 
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A  simple  form  of  machine  for  pressing  the  molds  is  shown 
in  Fig.  2,  in  which  the  mechanism  is  all  above  the  flask  and 
the  sand,  and  hence  the  work- 
ingpartsof  the  machine  receive 
no  injury  from  this  source. 
The  sand  is  pressed  into  the 
flask  (7  by  a  presser  head  b, 
which  is  lowered  on  top  of  the 
follow  board  c  by  means  of  the 
hand  lever  (/and  a  geared  eccen- 
tric and  toggle-joint  in  the 
case  e.  The  machine  is  fastened 
to  a  post  f  by  means  of  a  bolt 
that  passes  through  a  slot  g, 
thus  making  provision  for  a 
vertical  adjustment  over  the 
table  h.  A  counterweight  i 
automatically  lifts  the  presser 
head  when  the  hand  is  removed 
from  the  lever.  The  portable 
form  of  this  machine  is  placed 
on  a  truck.  Fio.  i. 

5.  Another  style  of  machine  for  pressing  the  molds  is 
shown  in  Fig.  3,  and  consists  of  a  frame  with  a  table  a  to 
support  the  flask,  and  a  lever  b  by  means  of  which  the  plate  c 
is  lowered  on  the  surface  of  the  molding  sand,  pressing  it  into 
the  flask.  The  illustration  shows  the  sand  being  pressed 
into  the  drag  //,  which  is  placed  over  the  patterns  on  a  match 
board  e  on  the  table  a  of  the  machine.  After  pressing  the 
sand  in  the  drag,  the  presser  head  c  is  thrown  back,  the 
mold  turned  over,  the  match  board  removed,  parting  sand 
applied,  and  the  cope  g  placed  over  the  drag  d.  The  sand  is 
then  pressed  in  the  cope  in  the  same  manner  as  described 
for  the  drag.  The  presser  head  is  then  thrown  back  out  of 
the  way,  the  sprue  is  cut,  and  the  pattern  wrapped  by  stri- 
king against  a  pin  that  is  held  in  the  left  hand  so  as  to  stand 
In  the  sprue  with  the  lower  end  in  contact  with  the  pattern; 
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after  which  the  flask  is  separated,  the  pattern  withdrawn, 
alid  the  mold  placed  on  the  floor  to  be  poured.  The  power 
is  applied  _to  the  lever  b  by  the  operator  simply  straightening 
his  arm  and  putting  his  weight  on  it,  pressing  every  mold 
alike,  and  with  littlecare  or  judgment  on  his  part.  The  ratio 
of  the  leverage  being  30  to  1,  a  i:J6-pound  man  will  exert  a 
pressure  of  3  tons  on  the  mold  without  much  muscular  effort. 


The  shelves  h  are  used  for  holding  brushes,  sprue  cutters, 
and  a  box  (  of  parting  sand,  and  the  upper  shelf  especially 
for  holding  the  match  or  presser  boards.  The  table  J  is 
necessary  to  hold  parts  of  a  flask,  or  molds,  or  the  match 
boards,  etc. 

This  type  of  molding  machine  is  suitable  for  flasks  not 
over  M  inches  in  length,  18  inches  in  width,  and  10  inches 
in  depth.  It  is  also  portable,  being  easily  moved  about  the 
foundry  floor  on  the  rollers  k,  k. 
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6.  Another  form  of  mold  presser  is  shown  in  Fig.  4. 
In  the  machines  illustrated  in  Pigs.  3  and  3  the  presser  head 
is  lowered  on  the  sand,  while  in  the  machine  illustrated  in 
Fig.  4  the  sand  is  compressed  in  the  flask  between  the 
presser  head  a  and  the  table  b  by  the  vertical  movement  of 
the  table ;  this  operation  is  performed  by  means  of  the  lever  c 
turning  the  shaft  that  carries  the  eccentrics  </,(/ and  thus 
lifts  the  rods  e,  e  that  support  the  table  b.     The  height  of  the 


presser  head  is  adjusted  by  means  of  the  thread  and  nuts  on 
the  upper  ends  of  the  side  rods/',/'.  The  stops  ^,  ^  deter- 
mine the  position  of  the  side  rods/,/" to  bring  the  presser 
head  over  the  mold,  and  the  stops  //,  h  support  the  rods 
when  the  presser  head  a  is  thrown  back  so  that  the  mold 
can  be  opened.  Two  brackets  i,  i  support  a  shelf  at  the  rear 
of  the  tabled  for  holding  the  cope/  when  the  mold  is  opened 
to  remove  the  pattern,  as  shown  in  the  illustration;  the 
presser  head  a  moves  back  far  enough  to  give  ample  room 
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for  the  cope  to  rest  edgewise  on  the  table  back  of  the  drag  k. 
The  pattern  in  the  mold  shown  is  for  a  gas  burner  for  a  stove. 

7.  Capacity  of  a  Moldlnc  Macbloe. — The  capacity 
of  a  machine  depends  on  the  size  of  the  flask  used,  the 
amount  of  sand  to  be  handled,  the  condition  and  the  shape 
of  the  patterns,  the  exertion  required  to  operate  the  machine, 
and  the  distance  to  which  the  finished  molds  must  be  carried. 

With  stationary  molding  machines  and  no  mold  conveyer, 
considerable  time  and  labor  is  consumed  in  placing  the  fin- 
ished flasks  on  the  molding  floor.  Assuming  that  each 
molder  completes  900  14"  X  14"  flasks  and  places  them  in 
four  parallel  rows  with  a  space  of  3  inches  between  them, 
with  5  feet  between  the  machine  and  the  nearest  flask,  the 
last  flasks  wilt  be  located  about  76  feet  from  the  machine. 
This  will  necessitate  the  carrying  of  each  flask  an  average 
of  about  40  feet,  or  the  total  travel  is  equal  to  carrying  a 
single  flask  over  a  distance  of  8,000  feet. 

8.  Portable  Moldlas  Mactalnes. — Under  the  condi. 
tions  mentioned,  the  portable  type  of  machine  is  preferable, 
as  it  is  easily  moved  from  end  to  end  of  the  molding  floor. 
Some  portable  machines  have  grooved  wheels,  which  allow 
them  to  be  run  on  tracks  laid  on  the  foundry  floor.  The  mold- 
ing sand  for  portable-machine  work  is  piled  up  in  long  heaps 
on  one  side  of  the  tracks,  or  between  the  legs  of  the  machine, 
and  the  bottom  boards  and  the  empty  flasks  are  arranged 
on  the  other  side.  The  molding  operation  commences  at 
one  end  of  the  floor ;  the  finished  molds  are  placed  where  the 
sand  heap  was  located  at  the  beginning  of  the  molding  oper- 
ation, that  is,  where  it  was  cut  up,  mixed,  and  tempered 
for  the  following  heat.  The  portable  machine  becomes  espe- 
cially serviceable  when  the  shape  of  the  pattern  is  such  that 
the  whole  mold  cannot  be  made  on  one  machine.  In  such 
cases  two  machines  are  used;  the  drag  is  finished  with  one 
and  the  cope  with  the  other,  the  work  being  done  by  different 
operators.  The  first  operator  places  the  drag  on  the  bottom 
board  upon  the  molding  floor,  where  cores  may  be  inserted 
if  necessary,  and  the  second  operator  follows  with  the  cope 
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and  closes  the  mold.    This  method  generally  requires  about 
double  the  amount  of  labor  for  handling  the  molds, 

9.  Machines  for  Drawing  Patterns.  —  Some 
founders  consider  the  withdrawal  of  the  patterns  from  the 
sand  one  of  the  expensive  molding  operations,  as  it  requires 
considerable  time,  and  often,  by  the  ordinary  methods,  both 
the  pattern  and  the  mold  are  injured.  Machines  have 
therefore  been  made  for  the  purpose  of  handling  the  pat- 
terns more  economically  than  can  be  done  by  hand, 

A  machine  for  withdrawing  the  patterns  from  the  molds 
mechanically  by  means  of  a  vacuum  cup  is  shown  in  Fig.  6. 
A  frame  hinged  to  a  post 
at  a,  a  carries  a  metal  tube 
with  a  rubber  cup-shaped 
suction  disk  c  at  its  lower 
end.  The  tube  is  supported 
by  means  of  a  cord  </ passing 
over  a  pulley  e  in  the  upper 
arm  &  and  attached  to  a 
counterweight/.  A  rubber 
tul>e  ^  connects  the  upper 
end  of  the  vertical  metal 
tube,  attached  to  the  diskc, 
to  a  vacuum  pump.  The 
method  of  operation  consists 
in  bringing  the  disk  c  into 
contact  with  the  pattern  in 
the  flask  A  by  means  of  the 
hand  lever  i.  The  patterns 
are  usually  attached  to  a 
mold  board  ^  unless  they 
have  sufficiently  large  flat 
surfaces  to  which  the  suc- 
tion disk  may  be  attached.  //, 
A  vacuum  is  established  in 
the  cup  £  by  operating  either 
of  the  foot-levers  /  The 
lever    may    operate  a   foot-power   vacuum    pump,  or   the 
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machine  may  be  arranged  so  that  connection  is  made  by 
means  of  a  valve  to  a  power-operated  pump.  When  the 
hand  lever  i  is  raised  the  pattern  is  lifted  vertically  from 
the  mold  by  means  of  the  vacuum  between  the  disk  and  the 
pattern.  The  machine  will  draw  deep  patterns  as  quickly 
as  shallow  ones,  and  the  drawing  operation  is  upwards  from 
the  pand;  this  obviates  some  of  the  disadvantages  experi- 
enced when  patterns  are  withdrawn  dowmvards  from  the 
sand,  such  as  the  use  of  nails  and  gaggers  and  the  necessity 
of  much  swabbing  and  patching  of  the  mold. 

10.     StrlppIoK-Plate    Moldlnic  Machine. — In   this 

style  of  machines  the  patterns  are  withdrawn  mechanically 
by  stripping  them  through  a  plate  having   openings  that 


exactly  conform  to  the  outline  of  the  patterns.  Fig.  6  illus- 
trates a  pair  of  molding  machines  equipped  with  stripping- 
plate  patterns  a  for  brake  shoes.  Fig.  7  {a)  and  (/')  show 
the  arrangement  of  the  patterns  a  ii)  the  stripping  plate  b. 
Fig,  7  {a)  being  the  stripping  plate  for  the  cope,  and  c. 
Fig.  1  (b)  the  stripping  plate  for  the  drag.  Details  of  the 
pattern  are  shown  at  a',  a'.  Fig.  7.  The  patterns  are  drawn 
from  the  sand  by  raising  the  stripping  plates  d  and  c  with 
the  mold  from  the  patterns  that  remain  fixed  on  the  machine 
tables.      The    pattern    plates   to   which   the   patterns  are 
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fastened  on  the  machine  tables,  and  also  the  flasks,  have 
irregular  parting  lines  to  fit  the  curved  stripping  plates. 
The  pattern  plates  in  these  machines  rest  firmly  on  and  are 


attached  to  the  stationary  part  of  the  frame  of  the  machine, 
and  the  stripping  plates  b  and  c,  shown  in  Fig.  6,  rest  "on 
the  pattern  plates,  and  are  raised  by  means  of  four  legs  d 
that  rest  on  the  lifting  table  tf;  the  table  e  is  raised  by  means 
of  a  lever  ^.  Owing  to  the  fact  that  some  parts  of  the  pat- 
terns extend  a  considerable  distance  above  the  parting  line, 
it  is  not  possible  to  obtain  a  solid  mold  by  pressing  the  sand 


with  a  flat  surface.  On  this  account  especially  shaped 
presser  heads  e.  Fig.  8,  are  used  to  press  the  sand  between 
the  patterns  in  the  cope  /  and  drag  g,  as  shown  in  (a)  and  {c). 
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These  heads  press  the  sand  between  the  patterns  and  insure 
even  ramming  of  the  entire  mold.  After  the  parts  of  the 
flask  are  rammed  in  this  manner,  the  presser  heads  e  are 
removed,  the  flask  struck  off.  and  the  lifting  levers^,  shown 
in  Fig.  6,  raised,  which  lift  the  stripping  plates  i>  and  c  and 
the  molds  off  the  patterns  a.  In  Fig.  8  (a)  is  shown  a  fin- 
ished cope/''  and  drag^'  before  closing.  Fig.  8  (i) shows  a 
complete  mold  on  a  bottom  board  //,  and  Fig.  8  {c)  shows  a 
band  «  that  is  inserted  in  the  cope  portion  of  the  flask  before 
ramming.  After  the  snap  flask  has  been  removed,  the 
band  »  remains  in  the  mold,  as  shown  in  Fig.  8  {If),  and 
holds  the  mold  together  against  the  pressure  of  the  fluid  iron. 

11.     Moldlns  Machine  Wltbout  Strlpplns  Plate. 

A  machine  with  a  pattern  plate,  but  without  a  stripping 


plate,  is  shown  in  Fig.  9  («)  and  (d).  The  half  patterns  a,  a 
for  the  two  cast  elbows,  which  are  shown  connected  by  the 
gate  as  they  come  from  the  mold  in  Fig.  9  {c),  are  shown  on 
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the  pattern  plate  d,  which  is  fastened  to  the  table  of  the 
machine.  In  this  case,  the  impressions  made  in  the  sand  of 
the  cope  and  the  drag  are  alike.  In  order  that  the  two 
parts  of  the  mold  may  fit  accurately  together,  it  is  necessary 
that  the  patterns  be  so  arranged  on  the  pattern  board  that 
the  distances  a,  a'  from  the  edges  of  the  pattern  to  the  ends 
of  the  flask,  shown  in  Fig.  9  {d),  be  the  same.  When  the 
two  parts  of  the  pattern  are  very  unlike,  or  when  it  is  neces- 
sary to  pour  the  mold  with  a  certain  side  up,  two  machines 
are  used,  one  having  the  patterns  for  the  cope,  and  the 
other  those  for  the  drag.  In  Fig.  9  (i)  is  shown  the  cope  c 
after  having  been  pressed  with  the  presser  head  d,  the  under 
side  of  which  conforms  to  the  shape  of  the  patterns,  and 
leaves  the  extra  sand  e  on  top  of  the  cope.  This  gives 
approximately  the  same  depth  of  sand  at  all  points  of  the 
mold  and  so  insures  even  ramming.  The  conforming 
presser  head  is  used  in  the  «ase  of  deep  patterns.  Before 
filling  the  flask  with  sand,  a  sand  frame  //,  shown  in  Fig.  9  (a), 
is  placed  on  top  of  the  flask,  which  increases  the  depth  of 
the  flask  enough  to  hold  the  additional  sand  necessary  to 
fill  the'  flask  when  the  bottom  board  and  presser  head  arc 
forced  in.  The  extra  sand  f  is  struck  off  before  the  flask  is 
lifted  from  the  machine.  The  flask  is  lifted  from  the  pat- 
terns by  means  of  four  pins  /,  one  at  each  corner  of  the 
pattern  plate,  whose  lower  ends  rest  on  the  lifting  table  ^. 
The  pins  move  vertically  through  sleeves  in  the  pattern 
plate  6,  and  lift  the  flask  from  the  patterns  when  the  lifting 
lever  i  is  raised,  as  shown  in  Fig.  9  {a). 

If  the  patterns  require  jarring  when  the  flask  is  being 
lifted,  the  pattern  plate  is  lifted  with  a  projection  at  the 
right-hand  corner,  and  this  is  rapped  by  a  bar  held  in  the 
right  hand  of  the  operator,  while  he  lifts  the  lever  i  with  his 
left  hand. 

12.  Pneumatic-Powder  Molding  Machine.  —  Sev- 
eral forms  of  mold-press  machines  are  arranged  to  operate 
by  means  of  compressed  air,  one  of  which  is  shown  in 
Figs.  10  and  11.     In  this  machine  the  table  a  is  attached  to 
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a  cylinder  b  that  slides  over  a  stationary  plunger  c.  The 
table  b  moves  upwards  wlien  compressed  air  is  admitted  to 
the  cylinder,  and  presses  the  sand  in  the  flask  d  between  the 
table  and  the  presser  head.  In  the  illustrations,  the  presser 
head  e  is  shown  tilted  back  to  enable  the  flask  to  be  put  in 
position  or  removed.     An  air  pressure  of  about  15  pounds 


Pio.  to. 

per  square  inch  is  used.  The  ordinary  solid  and  ^ated  pat- 
terns are  made  available  for  use  on  this  machine  by  attach- 
ing them  to  a  vibrator  frame  /.  The  vibrator  frame  is 
shown  in  detail  in  Fig.  12.  This  frame  is  placed  between 
the  match  g  and  drag  h,  as  shown  in  Fig,  10,  while  making 
the  drag,  and  between  the  cope  i  and  drag  //,  as  shown  in 
Fig.  11,  while  making  the  cope.     The  vibratory,  which  is 
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attached  to  the  corner  of  the  frame,  as  shown  in  Figs.  10 
and  12,  consists  of  a  small  valveless  plunger  arranged  to 
vibrate  back  and  forth  between  two  hardened  anvils  in  a 
cylinder.  When  compressed  air  is  supplied  to  the  vibrator 
by  means  of  the  hose  k.  Figs.  10  and  11,  its  action  sets  up  a 
sharp  tremor  in  the  frame  and  the  patterns  attached  to  it, 


and  the  patterns  are  lifted  from  the  sand  without  hand 
rapping.  To  operate  the  machine,  the  match  g  with  the 
vibrator  frame  y"and  patterns  are  laid  on  the  machine  table  a. 
The  drag  A  is  placed  in  position,  filled  with  sand  and  pressed. 
To  press  the  sand,  the  presser  board  /  is  placed  on  the  drag, 
the  presser  head  e  is  swung  over  the  table,  and  the  air 
admitted  to  the  cylinder  by  means  of  the  three-way  cock  m. 
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After  ramming  the  mold,  the  air  is  exhausted  from  the 
cylinder  and  the  table  lowers  by  gravity;  the  presser  head 
is  pushed  back  and  the  match  and  drag  rolled  over  on  the 
table  by  hand  in  the  usual  way;   the  match  is  removed, 


parting  sand  applied  to  the  face  of  the  mold  in  the  drag,  and 
the  cope  placed  in  position,  filled  with  sand  and  pressed  by 
the  machine  in  the  same  manner  as  described  for  the  drag. 
Snap  flasks  are  generally  used,  though  interchangeable  solid 
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iron  flasks  can  be  adapted  to  the  machine.  In  order  that 
the  dififerent  parts  of  the  flask  and  the  vibrator  frame  may 
come  together  accurately  in  forming  the  mold,  special 
V-shaped  pins  «  and  o,  shown  in  Fig.  13,  are  used.  The 
drag  pins  «  slide  over  the  vibrator  frame  pins  o,  and  enter 
the  sockets  /  of  the  cope.  After  ramming  the  cope,  the 
presser  head  is  thrown  back  and  the  flask  left  in  position  for 
the  cope  to  be  removed.  The  sprue  is  cut  either  by  hand 
in  the  usual  way,  or, in  some  cases  automatically  by  means 
of  sprue  cutters  attached  to  the  presser  head.  A  lever  q 
under  the  edge  of  the  table  a  admits  air  to  the  vibrator. 
When  the  operator  grasps  the  cope  with  his  hands,  he  presses 
the  lever  q  with  his  left  knee  and  the  cope  is  lifted  while  the- 
vibrator  is  running;  the  vibrator  is  also  operated  while  the 
frame  is  being  lifted  off,  the  lifting  being  done  by  means  of 
its  two  handles  r,  r.  The  patterns  are  guided  vertically 
from  the  sand  by  means  of  the  V-shaped  pins  o,  attached  to 
the  frame  shown  in  Fig.  12,  and  can  be  easily  and  accurately 
replaced  in  the  mold  if  necessary.  The  prints  in  the  mold 
made  by  the  bars  s,  s,  etc.,  which  are  used  to  attach  the 
patterns  /  to  the  frame,  as  shown  in  Fig.  13,  must  be  filled 
with  sand  before  the  flask  is  closed  and  poured,  unless  they 
are  used  as  core  prints  and  closed  by  the  cores. 

13.     Automatic    Moldlos   Machine. — In   Fig.  13  is 

shown  an  automatic  molding  machine  desigped  to  perform 
mechanically  the  various  operations  in  making  molds  by 
means  of  flasks  and  match  boards.  The  machine  is  operated 
by  means  of  a  counterbalanced  hand  lever  a  that  lifts  the 
table  d,  with  the  flask  c  lying  on  it,  against  the  presser 
head,  thus  pressing  the  sand  into  the  flask.  The  machine 
has  a  turret  top,  composed  of  three  parts,  which  revolves  on 
a  shaft  d  carried  by  the  side  rods  e,  e.  The  pattern  plate  / 
is  attached  to  a  system  of  levers  so  that  it  can  be  moved 
horizontally  and  held  either  in  the  flask  centrally  over  the 
table,  as  shown  in  {b),  (d),  and  {c),  or  to  the  rear  of  the 
flask.  The  flasks  are  either  of  wood  or  iron,  and  are  made 
with  solid  corners.  They  are  made  tapering  so  as  to  be 
.      63B— 3 
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easily  lifted  from  the  molds,  and  have  movable  ribs  for  hold' 
ing  the  sand  in  the  mold.  The  ribs  are  withdrawn  flush 
inside  the  flask,  and  at  the  same  time  the  two  parts  of  the 
flask  are  locked  together,  when  the  mold  is  completed  and 
ready  for  the  flask  to  be  removed.  The  flask  is  held  in  plac* 
on  the  machine  by  means  of  pins  g  engaging  a  frame  h.  Th* 
pattern  plate'/  is  clamped  to  a  frame  i,  as  shown  in  Fig.  14, 


FlO.  11. 

and  is  supported  on  the  machine  by  means  of  the  trunnions^^y, 
as  shown  in  Fig.  13  (/')  and  Fig.  14.  To  operate  the  machine, 
the  frame  with  pattern  plate  is  placed  between  the  two  parts 
of  the  flask  on  the  table,  the  drag  k  being  on  top,  as  shown 
in  Fig,  13  {h).  The  drag  is  filled  with  sand,  and  the  peen- 
ing  frame  /  on  the  turret  top  is  pressed  into  it.  The  flask  is 
lowered  and  the  surplus  sand  struck  off;  a  bottom  board  is 
placed  on,  and  the  flask  revolved  by  hand,  as  shown  in  (c). 
The  cope  is  then  fliled  with  sand  and  the  cope  peening 
head  m  pressed  into  it;  the  surplus  sand  is  struck  off,  and 
the  presser  head  n  automatically  applied,  thus  pressing  both 
cope  and  drag  in  one' operation;  the  presser  head  enters  the 
top  of  the  cope  and  the  bottom  board  is  forced  into  the 
drag.  Sprue  cutters  may  be  attached  to  the  presser  board, 
or  flat  gates  o  can  be  placed  on  the  pattern,  just  before  the 
cope  is  fliled  with  sand,  and  are  withdrawn  by  the  head 
automatically,  as  shown  in  id).  The  flask  is  then  separated 
as  shown  in  (e)  and  the  pattern  plate /"passed  to  the  rear. 
In  {e)  the  operator  is  just  removing  the  pattern  board  from 
the  cope  to  pass  it  to  the  rear  of  the  mold.     The  two  halves 
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of  the  flask  are  then  brought  together  and  the  bottom 
board  lowered  with  the  complete  mold  p  on  the  table,  as 
shown  in  {_/).  The  mold  is  then  placed  on  the  floor  ready 
to  be  poured.  A  shelf  attached  to  the  left  side  of  the 
machine  holds  a  brush,  wooden  mallet,  and  other  necessary 
tools,  and  a  sack  of  parting  sand  or  facing.  The  machine  is 
made  to  run  on  a  track. 

14.     Molding      Machine      Without      Remincr.  — 
Fig.  15  ((/)  and  {b)  shows  a  pair  of  stripping- plate  machines 


that  do  not  ram  the  molds,  this  operation  having  to  be  per- 
formed by  hand  or  by  means  of  some  mechanical  device  that 
is  entirely  separate  from  the  machine.  The  machines  are 
shown  equipped  with  patterns  a  for  railway-car  journal 
bearings.  The  stripping  plates  b,  b  rest  on  the  top  of  the 
frame  of  the  machines.  The  patterns  a,  a  on  each  machine 
are  attached  to  a  frame  that  has  a  vertical  motion  con- 
trolled by  means  of  the  crank  c.  The  drag  is  placed  over 
the  patterns  a  on  the  machine  shown  in  Fig.  15  (a)  and 
rammed  up,  and  in  the  same  manner  the  cope  is  prepared  on 
the  machine  shown  in  Fig.  15  {b).  The  patterns  in  each 
case   are   drawn   downwards  from   the   sand   through   the 
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stripping  plates  b,  ^  by  a  suitable  movement  of  the  crank  c. 
The  two  finished  halves  of  the  mold  are  then  lifted  from  the 
machines,  put  together,  and  placed  on  the  floor  ready  for 
pouring. 

Such  machines  are  made  in  a  great  variety  of  forms.  By 
applying  different  draw-plates  and  stripping  plates,  these 
machines  may  be  used  for  a  large  variety  of  work.  The 
machines  shown  in  the  illustration  are  portable,  being  moved 
either  by  hand  or  by  means  of  cranes. 

15.  Matcli  Plates  With  Movable  Patterns. 
There  is  a  class  of  patterns  having  projections  that  make 
their  withdrawal  from  the  sand  impossible  without  extra 
operations.  This  form  of  casting  can  generally  be  made  in 
large  quantities  and  with  facility,  either  by  hand  in  the  usual 
way  or  on  a  molding  machine,  by  making  either  the  whole  or 
a  part  of  the  pattern  movable  on  a  match  plate.  An  exam- 
ple of  a  pattern  of  this  class  mounted  on  a  suitable  match 
board  is  shown  in  Fig.  16  (a),  and  the  casting  in  Fig.  16  {b). 


PIQ.  18. 

It  is  impossible  to  withdraw  this  pattern  from  the  sand  if 
the  part  a  is  made  in  one  piece  with  the  standards  b,  b.  It 
may,  however,  be  molded  successfully  by  making  the  pattern 
for  the  standards  hollow  and  dividing  the  pin  a  in  the  middle 
of  its  length,  as  shown  in  Fig.  16  ifl).  By  making  the  two 
parts  of  the  pin  movable,  they  can  be  pulled  backwards  into 
the  recesses  c,  c  by  means  of  the  rods  d,  d,  and  the  pattern 
easily  withdrawn  from  the  sand. 

A  stripping  plate  arranged  with  two  sets  of  movable  pat- 
terns for  sheaves  is  shown  in  Fig.  17.  This  method  is 
adapted  to  molding  circular  and  symmetrical  castings,  such 
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as  wheels,  sheaves,  pulleys,  disks,  etc.,  having  projecting 
parts  that  prevent  the  patterns  being  withdrawn  in  the  usual 
way  from  the  sand.  A  half  pattern  is  necessary,  the  divi- 
sions being  made  along  a  diameter.  The  half  patterns  a,  a, 
etc.  are  attached  to  rods  b,  b,  and  arranged  on  the  stripping 
plate  f  so  that  the  diameter  of  the  patterns  coincide  with 


the  surface  of  the  plate.  -  The  openings  in  the  stripping 
plate  conform  with  the  diametral  section  outline  of  the  pat- 
terns. The  rod  is  fastened  to  the  plate  by  means  of  the  bear- 
ings c,  c.  The  drag  is  placed  over  the  patterns  and  rammed 
up.and  the  patterns  withdrawn  through  the  plate  by  turning 
the  cranks  d,  d  on  the  ends  of  the  rods.  The  illustration 
shows  one  set  e  of  the  patterns  withdrawn.  In  like  manner 
the  cope  is  prepared,  after  which  the  two  parts  of  the  flask 
are  fitted  together  and  poured. 

16.     Match    Boards    With    Removable    Parts   of 

Pattern.— An  example  of  match-board  molding  in  which 
part  of  the  pattern  is  removable  is  shown  in  Fig.  18.  The 
completed  casting,  a  chain  wheel  of  a  pump,  is  shown  in 
Fig.  18  {d),  and  the  pattern  a,  match  board  b,  bottom 
board  c,  and  completed  mold  //,  are  shown  in  Fig,  18  (i^). 
The  pattern  is  made  of  brass,  with  the  prongs  e,  e  on  one 
side  removable  and  fitted  with  pins  /  in  the  usual  way. 
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The  solid  part  of  the  pattern  is  recessed  into  the  match 
board  to  the  parting  line,  as  shown  at  h. 

In  making  the  mold,  the  complete  pattern  is  fitted  to  the 
match  board  b.  the  loose  parts  being  uppermost,  and  laid  on 
the  bottom  board  c,  as  shown.  The  cope  is  then  placed  over 
the  match  board  and  rammed  up,  turned  over,  and  the  match 
board  lifted  off,  leaving  the  pattern  in  the  cope;  parting 
sand  is  put  on  the  face  of  the  mold  in  the  cope,  and  the  drag 


put  on  and  rammed  up.  The  mold  is  reversed  and  the  cope 
with  the  detachable  prongs  e  of  the  pattern  lifted  off;  these 
prongs  are  then  picked  out  by  hand.  The  solid  part  of  the 
pattern  is  removed  from  the  drag,  the  two  parts  of  the 
mold  I  and  /  placed  together,  and  the  snap  flask  removed, 
as  shown  in  the  illustration.  The  molds  are  made  at  the 
rate  of  one  in  4  minutes  for  castings  weighing  about 
2|^  pounds  each. 

1 7.  Match  Boards. — Match  boards  are  made  of  wood, 
plaster  of  Paris,  metal,  or  composition.  When  only  a  few 
castings  are  to  be  made,  the  molder  will  usually  make  the 
match  of  molding  sand.  Wooden  match  boards  are  often 
used,  but  they  are  expensive  when  the  joint  line  is  very 
irregular.  Plaster  of  Paris  is  a  material  that  is  easily  pre- 
pared and  molded  into  match  boards,  but  it  is  brittle  and 
easily  broken,  will  not  bend,  and  cannot  be  repaired.  Com- 
position boards  made  of  sand,  boiled  linseed  oil,  and  litharge 
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are  the  cheapest  and  best.  They  are  hard,  tough,  and  elas- 
tic, not  liable  to  shrink,  swell,  or  crack,  and  repairs  or 
alterations  are  easily  made.  The  composition  is  made  by 
tempering  either  parting  or  fine  molding  sand  with  boiled 
linseed  oil  and  litharge  to  the  right  consistency  for  molding, 
as  found  by  experience.  After  molding  the  match  board,  it 
is  dried  by  means  of  a  gentle  heat  in  the  core  oven  while 
still  in  contact  with  the  pattern.  By  adding  from  two  to 
three  tablespoonfuls  of  litharge  to  each  pint  of  oil,  the  dry- 
ing is  facilitated.  The  usual  time  required  to  dry  a  match 
board  1  inch  thick  is  12  hours. 

18.  Example  of  Multiple  Moldlnff. — The  method 
of  molding  a  lock  tumbler,  shown  in  full  size  in  Fig.  19,  is 
illustrated  in  Fig.  20. 
The  tumblers  weigh 
3^  pounds  per  hundred, 
and  56  are  made  in  each 
mold.  The  molds  may 
be  rammed  by  hand  or 
""'  '"'  pressed,  as  in  this  case, 

in  a  machine;  by  the  latter  method  the  complete  molds  can 
be  made  at  the  rate  of  about  20  per  hour.  In  Fig.  20  {a) 
is  shown  the  arrangement  of  the  bottom  board  a,  match 
board  d,  two  sets,  or  cards,  of  patterns  c,  and'  drag  d,  ready 
for  the  sand.  The  card  patterns  c  are  made  of  brass,  and 
those  for  28  tumblers  are  united  to  one  gate  runner  e,  as 
shown  in  (a),  (c),  and  {e).  The  match  board  is  of  sand  com- 
position, as  described  in  Art.  1 7.  In  {d)  is  shown  the  drag 
after  being  rammed  up;  and  (c)  shows  the  drag  turned  over, 
the  bottom  and  match  boards  removed,  and  the  cope  g  in 
place,  In  (</)  is  shown  the  cope  ^  rammed  up  with  the 
sprues  A,  A  for  two  cards  of  patterns ;  and  {e)  shows  the  flask 
opened  for  the  purpose  of  drawing  the  card  patterns  c,  c, 
these  being  drawn  from  the  drag  by  means  of  the  pins  (,  i, 
etc.,  shown  in  {a).  In  (/)  is  shown  the  completed  mold  on 
the  bottom  board  a,  with  the  snap  flask  removed,  and  ready 
for  pouring. 
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19.     Gear-Molding    Machines. — Gear- molding    ma- 
chines are  used  to  make  the  molds  for  the  teeth  of  gears. 


Fig.  21  shows  one  type  of  machine  for  this  purpose,  which 
is  suitable  for  gears  of  the  largest  diameters.     The  base  of 
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the  machine  rests  on  the  bottom  of  the  mold  and  supports 
a  vertical  column  a  in  the  center.  This  column  carries  an 
arm  d,  which  revolves  on  the  column  a;  it  also  has  a  hori- 
zontal movement  and  adjustment  by  means  of  the  wheel  c 
and  a  rack,  and  carries  an  indexing  mechanism  at  one  end. 
A  vertically  adjustable  arm  ■/ carries  at  its  lower  end  a  pat- 
tern c  for  one  or  two  teeth  of  the  gear.  The  pattern  is 
lowered  to  the  required  position  for  making  the  mold,  and 


the  length  of  the  revolving  arm  6  adjusted  to  give  the  diam- 
eter of  the  gear  desired.  The  sand  is  rammed  against  the 
face  of  the  pattern,  as  shown  at  /.  The  pattern  is  then 
withdrawn  vertically  from  the  mold,  and  the  arm  it  support- 
ing the  pattern  rotated  forwards  by  means  of  the  indexing 
mechanism  the  exact  distance  of  another  tooth  or  set  of  teeth, 
and  the  pattern  lowered  and  the  ramming  process  repeated. 
The  indexing  mechanism  consists  of  a  train  of  gears  inter- 
posed between  the  shaft  ff,  which  is  operated  by  a  crank 
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revolving  on  the  face  of  the  index  plate  h,  and  the  large  sta- 
tionary gear  attached  to  the  top  of  the  column  a.  A  worm 
in  the  case/  meshes  with  the  large  gear  and  carries  a  gear  on 
the  end  of  its  shaft  in  the  case  k,  which  receives  motion  from 
the  train  of  gears  extending  to  the  shaft  g.  The  arrange- 
ment is  such  that  by  revolving  the  shaft  g  by  means  of  the 
crank,  the  arms  /  and  b,  which  are  attached  together,  are 
revolved  on  the  column  a.  The  index  in  each  case  must  be 
set  to  divide  the  circumference  of  the  gear  into  the  number 
of  equal  parts  to  correspond  with  the  number  of  settings 
required.  The  arms,  ribs,  and  hubs  of  the  gears  are  made 
with  the  aid  of  special  patterns  and  placed  in  the  molds  after 
the  machine  has  been  removed. 

A  style  of  gear-molding  machine  suitable  for  smaller  gears 
is  shown  in  Fig.  23.  The  machine  is  mounted  on  a  bedplate, 
and  is  stationary.  It  consists  of  a  vertical  column  a  carrying 
a  revolving  arm  b  that  supports  the  pattern  c  for  one  or 


more  teeth  of  the  gear.  The  mold  is  prepared  in  a  circular 
metal  flask  d  resting  on  a  revolving  table  e.  After  the  pat- 
tern c  has  been  placed  in  the  mold  and  rammed  up  and  with- 
drawn vertically,  either  by  meansof  the  slide/or  the  cranky, 
which  operates  a  rack  and  raises  or  lowers  the  column  a. 
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the  mold  is  revolved  the  exact  distance  necessary  to  form 
the  next  tooth  by  means  of  the  crank  /{  of  an  indexing 
mechanism.  The  crank  A  is  attached  to  the  shaft  i,  which 
has  a  worm  at  the  inner  end  that  meshes  with  a  rack  on  the 
under  surface  of  the  table  f. 

20.  MoldlnKMacfalneforCurvedPlpcs. — Fig.  33(a) 
and  (^)  shows  a  design  of  molding  machine  for  making-curved 
pipes,  which  requires  neither  patterns  nor  core  boxes,  and 
has  a  capacity  for  making  curved  pipes  up  to  20  inches  in 
diameter  and  of  any  desired  curvature  up  to  50  feet  radius 
and  60°  in  length.  The  machine  consists  of  a  frame  a  made 
of  I  beams,  as  shown  in  (^),  which  is  hinged  at  one  end  so  as 
to  swing  into  a  pit.  The  movable  end  of  the  frame  is  sup- 
ported by  a  chain  d  whose  length  is  controlled  by  means  of 
a  winch  <:  on  a  car  d  that  runs  on  tracks  extending  from  the 
floor  across  the  pit.  The  length  of  the  frame  a  may  be 
changed  by  sliding  it  through  sleeves  e  that  support  it  at  the 
hinged  end.  The  sleeves  €  have  a  vertical  adjustment  by 
means  of  a  screw  and  hand  wheel  y  attached  to  the  bearing. 
A  truck  ^,  shown  in  Fig.  33  {a)  and  (^),  runs  on  tracks  over 
the  pit  and  carries  a  cross-bar  h,  that  has  a  vertical  move- 
ment along  two  side  posts  /,  i  standing  on  the  truck.  The 
mold  J  for  the  curved  pipe  is  started  on  a  bottom  plate  k 
fastened  on  the  frame  u  when  it  is  horizontal,  and  the  socket  o 
is  swept  Dp  by  hand  by  the  aid  of  a  sweep  /  supported 
by  the  bar.  After  the  socket  is-  finished,  the  pattern  /  is 
used  for  the  curved  part.  As  the  mold  progresses,  the 
frame  a  is  gradually  lowered  at  one  end  into  the  pit  by  means 
of  the  winch  c.  The  flange  or  socket  portion  w  of  the  flask 
is  bolted  to  the  bottom  plate  k  and  a  section  »  of  the  flask 
bolted  to  the  flange.  The  flask  is  made  in  several  sections 
to  facilitate  ramming.  As  the  ramming  proceeds,  the  end 
of  the  frame  is  lowered  by  means  of  the  winch,  thus  giving 
a  mold  of  uniform  curvature.  The  ends  of  the  mold  may  be 
made  straight  by  holding  the  frame  a  stationary  and  con- 
tinuing the  work  by  a  vertical  movement  of  the  sweep  or 
pattern  /, 


^aovGoOt^lc 


30  MACHINE    MOLDING.  §48 

The  core  g  for  the  moldy,  as  shown  in  Fig.  23  (c),  is  also 
formed  on  the  frame  a,  but  a  ring  is  used  for  a  sweep  on  the 
machine,  instead  of  the  disk  /.  The  core  is  strengthened  at 
the  top  and  bottom  and  at  suitable  intervals  by  iron  plates  / 
that  are  bound  together  by  iron  rods  m. 

21.  Machine  for  Molding  Plow^shares. — A  machine 
for  molding  plowshares  is  shown  in  Fig.  24.  Its  construction 
is  a  radical  departure  from  that  adopted  in  other  molding 
machines.     The  working  parts  of  the  machine  opierate  hori- 


zonlally.  No  flasks  are  used  in  forming  or  in  handling  the 
molds.  The  impressions  in  the  sand  are  not  made  by  pat- 
terns, but  by  specially  shaped  plunger  heads, or  matrices,  a,  <t'. 
A  special  heating  arrangement,  consisting  of  tanks  i,  pipes  c, 
heaters  d,  and  gas  jets  e,  keeps  up  a  circulation  of  hot  water 
in  the  plunger  heads  and  prevents  the  sand  sticking  to  the 
matrices.  Fig.  25  shows  both  sides  of  a  mold  for  a  plowshare 
made  on  the  machine  shown  in  P"ig.  24.  Each  mold  has  on 
one  side  the  impression  of  the  pattern  corresponding  to  the 
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cope  and  on  the  other  side  that  of  the  drag,  half  of  the 
pouring  gate  s  being  in  each  side.  The  sand  rests  on  a 
bottom  plate/,  shown  in  Figs.  24,  25,  and  26.  The  molds 
are  supported  on  the  plates /on  the  rails  /i,  shown  in  Fig.  26, 
of  the  frame  on  which  the  , 

molds  are  placed  for  pour- 
ing.    A  plate /is  placed  in 
the  machine,  and  a  chill  (, 
shown  in  Figs.  25  and  36,  is 
laid  against  the  proper  part 
of  the  matrix.     The  lever  / 
is  raised  and  the  mold  box  k 
moved  toward  the  station- 
ary   matrix   a',    which    the  "'  *■ 
box  -t  slightly  overlaps,  and  forms  a  flask  to  enclose  suflicient 
sand  for  the  mold.     The  hopper  /  is  then  under  the  outlet  tn 
of  the  large  hopper  «,  which  is  supplied  with  sand  by  means 
of  a  conveyer.     The  operator  turns  the  crank  o  until  suffi- 
cient sand  has  been  deposited  in  the  mold,  and  then  com- 
presses the  sand  by  moving  the  lever  p  from  the  position 
shown  in  Fig.  24  until  it  strikes  the  stop  q  on  the  leg  of  the 
machine.     By  reversing  the  levers  /  and  /  to  the  position 
shown  in  Fig.  24,  the  mold  r  is  left  in  a  position  to  be  lifted 
from  the  machine  by  means  of  the  bottom  plate/and  carried 
on  the  sling  /  of  a  trolley  to  the  frame,  as  shown  in  Fig.  36. 
The  projection  u,  shown  in  Fig.  25,  is  removed  from   the 
molds  in  the  first  row  so  that  they  will  set  squarely  against 
a  vertical  end  board  w,  shown  in  Fig.  26.     The  second  row 
of  molds  is  then  placed  against  the  first,  the  grooves  £■  of  the 
bottom  plates /fitting  projections  on  the  carriage  v  on  the 
rails  A  and  making  the   molds  match  each  other  perfectly. 
The  carriage  v  slides  on  the  rails  A  and  is  used  to  adjust  the 
molds  so  that  they  will  match  properly.     The  other  rows 
are  then  set  in  place  until  the  frame  is  filled.     A  board  is 
placed   across   the  end  of  the  last  row,  similar  to  the  one 
across  the  first  row,  and  clamped  to  the  frame  so  as  to  hold 
all  the  rows  of  molds  securely  together.     After  the  molds  are 
clamped  together,  they  are  all  poured. 


^aovGoOt^lc 


MACHINE   MOLDING. 


sasiGoOi^lc 


FOUNDRY-  APPLIANCES. 


BUILDINGS,  GROUNDS,  AND 
EQUIPMENT. 


BUILDINGS    AND    GROUNDS. 

INTRODUCTION. 

I.  General  Foundry  Conditions. — It  is  impossible 
to  lay  down  iron-clad  rules  prescribing  the  best  arrange- 
ments and  most  suitable  features  for  all  foundries.  The 
varying  conditions  imposed  by  competition  in  the  matter  of 
quality,  quantity,  and  cost,  and  the  nature  of  the  work  that 
comes  within  the  scope  of  each  individual  plant,  require  that 
the  methods  adopted  be  those  best  suited  to  the  plant  under 
consideration;  in  many  cases  these  methods  will  be  very 
different.  Equipments  that  give  the  best  results  in  one 
case  may  prove  failures  in  another.  In  giving  the  descrip- 
tion of  modern  foundries  and  the  various  machines  and 
systems  that  form  a  part  of  their  equipment,  it  must  be 
understood  that  much  that  is  said  is  ideal  in  its  nature. 
While  the  manufacturing  foundry  embraces  the  greatest 
number  of  the  modern  tendencies  in  founding  operations, 
many  of  them  apply  to  any  foundry;  but  no  two  foundries 
have  conditions  exactly  alike.  From  the  many  styles  of 
buildings  and  the  various  appliances  for  foundry  use,  it  is 
§49 
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necessary  to  figure  out  and  arrange  in  each  case  those  most 
suitable  for  the  specialty  to  be  manufactured;  so  that  the 
designing  of  a  modern  foundry  requires  considerable  experi- 
ence and  good  judgment  on  the  part  of  the  engineer  in  charge. 
2*  Foundry  Brancbes. — The  equipment  and  opera- 
tion of  a  foundry  will  depend  on  wTiether  its  castings  are 
made  of  steel,  malleable  iron,  gray  iron,  black  iron,  white 
metal,  etc.  They  also  depend  on  whether  light  or  heavy 
castings  are  made,  and  whether  it  is  a  specialty  or  jobbing 
foundry.  Jobbing  foundries  produce  a  great  variety  of 
castings,  while  specialty  foundries  make  nothing  out  of  the 
regular  line  of  work  for  which  they  were  originally  equipped. 
Some  of  the  gray-iron  specialties  are  castings  for  rolling 
mills  and  heavy  machinery,  chilled-iron  rolls,  pipe,  car 
wheels,  car  and  railway  fittings,  air  brakes,  light  machinery 
and  machine  tools,  pumps,  gears  and  pulleys,  agricultural 
machinery,  stoves,  hardware,  fittings,  ornamental  and  art 
castings,  electrical  supplies,  hollow  ware,  etc.  A  large  por- 
tion of  the  heaviest  class  of  molding  is  done  in  loam,  and  the 
remainder  in  either  green  or  dry  sand. 

GENERAL  ARRANGBUBIHT.' 

3.  Location.  —  Foundries  are  preferably  located  in 
manufacturing  centers  and  where  the  best  and  most  conve- 
nient shipping  facilities  are  afforded.  When  selecting  a 
site,  it  should  be  taken  into  consideration  that  all  the  raw 
materials,  as  well  as  the  finished  and  waste  products,  have 
considerable  bulk  and  weight,  and  should  be  hauled  the 
shortest  distances  and  handled  the  least  number  of  times 
in  order  to  curtail  general  expenses.  Freight  charges  for 
pig  iron,  scrap,  coke,  sand,  limestone,  and  other  supplies 
add  considerable  to  their  first  cost;  and  the  transportation 
charges  for  castings  and  slag  must  be  added  to  the  cost  of 
the  castings  to  determine  their  selling  price.  The  foundry 
should  be  located  near  the  source  of  supply  of  the  raw  mate- 
rials, and,  if  possible,  near  where  the  greatest  part  of  the 
product   is   consumed   and   the  waste   can   be   disposed  of 
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at  the  lowest  cost.  Good  distributing  points  are  on  navi- 
gable waterways  and  at  railway  intersections.  It  is  always 
advisable  to  locate  the  foundry  so  as  to  have  the  advantage 
of  several  competing  railways,  and  to  have  both  land  and 
water  shipping  facilities.  All  parts  of  the  works  should  be 
directly  accessible  by  railways,  with  the  necessary  switches 
and  sidings;  adequate  wharfs  are  required  on  the  water- 
ways, and  both  systems  should  be  equipped  with  the  best 
arrangements  for  loading  and  unloading.  A  foundry  plant 
consists  of  one  or  more  buildings  and  a  stock  yard. 

4.  EztenBlouB. — It  is  advisable  to  erect  the  foundry 
buildings  on  a  tract  of  land  that  will  not  only  permit  exten- 
sions to  be  made,  but  also  has  a  suitable  area  for  a  dumping 
ground  for  refuse,  slag,  and  burned  sand.  A  dumping 
ground  is  a  great  convenience,  as  it  allows  the  immediate 
and  rapid  disposal  of  the  waste  products,  but  often  the 
interest  on  the  investment  in  a  dumping  ground  is  greater 
than  the  freight  charges  that  would  remove  the  waste  a 
considerable  distance. 

6>  Modern  Tendencies  In  Foundry  Building. 
Mod,ern  foundry  buildings  are  substantial  structures  of  brick 
and  stone,  with  a  framework  of  steel.  They  have  complete 
systems  for  heating,  lighting,  and  ventilating;  also  lava* 
tories,  wash  rooms,  liftich  rooms,  and  other  minor  conve- 
niences. Traveling  cranes  run  the  entire  length  of  the 
foundry  floor  and  stock  yard,  and  hoists  and  jib  cranes  are 
liberally  distributed. 

6.  Llffht  for  Foundries. — The  principal  work  in  the 
foundry  consists  in  preparing  the  molds,  which  involves  , 
the  greatest  skill,  is  the  most  expensive  part  of  the  process, 
and  requires  the  closest  attention  and  the  largest  portion  of 
the  space  of  the  entire  foundry  plant.  The  nature  of  the 
work  of  a  molder  is  such  that,  even  in  the  brightest  day- 
light, it  is  often  necessary  to  use  artificial  light.  In  the 
old-fashioned  shop  a  torch  was  indispensable,  but  these 
have  now  been  replaced,  to  a  considerable  extent,  by  port- 
able incandescent  electric  lamps. 
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There  should  be  the  best  possible  natural  light  over  the 
entire  foundry  floor.  This  requires  large  side  windows  and 
numerous  skylights;  or  the  space  over  the  molding  floor 
may  be  roofed  with  corrugated  glass,  which  admits  plenty 
of  light  without  the  glaring  effect  of  direct  sunlight. 
Translucent  fabrics,  which  consist  of  a  wire  cloth  embedded 
in  a  translucent  material,  are  also  used  for  foundry  roofs. 
Dark  nooks  and  corners  should  be  avoided.  But  in  addition 
to  this,  the  foundry  floor  requires  artificial  illumination  sev- 
eral hours  each  day  during  the  winter  months  and  in -cloudy 
weather.  For  such  days,  and  for  night  work,  enclosed  arc 
and  incandescent  lamps  give  the  best  illumination. 

7.  Heat  and  Ventilation. — One  of  the  greatest  con- 
trasts between  the  old  and  the  new  foundry  buildings  is 
in  their  systems  for  heating  and  ventilating.  Plants  for 
"heating  and  refrigeration  are  now  so  arranged  that  pure  air 
of  an  agreeable  temperature  is  supplied  to  the  working 
rooms  at  all  seasons ;  also  the  dust  and  sraoke  caused  by  the 
casting  operations  are  rapidly  removed.  The  same  sys- 
tem of  pipes  and  registers  serves  to  deliver  warm  air  in 
winter  and  cool  air  in  summer. 


BUILDINGS. 

8*  Arrangement. — The  foundry  buildlnfEs  com- 
prise a  cupola  house,  molding  and  core  departments,  engine 
room,  and  repair  shop.  Large  establishments  have,  in 
addition  to  these,  a  pattern  shop,, a  pattern  storage  house, 
machine,  blacksmith,  and  carpenter  shops;  and  a  ware- 
house, shipping  department,  and  a  laboratory,  which  are 
usually  connected  with  the  office  building.  The  erecting 
shop,  warehouse,  and  the  sorting  and  shipping  departments 
may  form  an  annex  to  the  other  building,  but  the  opera- 
tions in  the  two  buildings  should  be  kept  entirely  separate 
from  each  other.  The  pattern  storage  house  should  be  a 
fireproof  structure,  either  an  isolated  building  or  a  specially 


^aovGoOt^lc 


sBBiGooi^lc 


6  FOUNDRY   APPLIANCES.  §49 

constructed  room  in  one  of,  the  larger  buildings.  Special 
care  should  be  taken  of  patterns  used  in  founding,  as  they 
are  generally  the  accumulation  of  many  years  of  labor  and 
invention,  and  cost  a  large  amount  of  money.  The  loss 
of  patterns  in  some  cases  would  be  irreparable.  A  con- 
venient location  for  the  pattern  shop  is  between  the  molding 
department  and  the  pattern  storage  house.  The  engine 
room,  machine,  and  carpenter  shops  should  be  near  one 
another,  though  if  an  electric  system  of  power  transmission 
is  used,  there  may  be  some  other  convenient  arrangement 
for  them.  The  offices  and  laboratory  adjoin  each  other  and 
are  best  located  in  the  front  of  the  group  of  buildings,  so  as 
to  make  general  access  to  the  plant  and  its  supervision  as 
easy  as  possible. 

9.     Descriptions  of  Modern  Foundry  Buildings. 

While  many  foundries  consist  of  only  a  single  building, 
those  doing  extensive  manufacturing  have  separate  build- 
ings for  the  different  subdivisions  of  the  work.      In  Pig.  1 


is  shown  the  floor  plan  of  a  foundry  building  designed  for 
making  heavy  castings,  while  a  section  across  the  building 
between  the  cupolas  and  the  engine  room  is  shown  in  Fig.  H. 
The  molding  floor  a.  Figs.  1  and  2,  covers  the  main  portion 


^aovGoOt^lc 


1 4ft  FOUNDRY  APPLIANCES.  7 

of  the  building.  In  the  lean-to  are  the  cupola  house  b, 
engine  room  c,  and  core  department  d.  The  core  ovens  e 
and  ovens /"for  drying  molds  are  located  at  the  end  of  the 
main  building  as  annexes  to  it.  As  only  heavy  work  is  made 
in  this  foundry,  the  cleaning  is  done  either  on  the  floor  a 
or  in  the  yard^.  The  iron  is  stored  in  the  yard  at  A,  and 
the  coke  bins  are  at  t,  both  being  as  near  the  cupolas  as 
possible. 

The  three  cupolas/are  located  in  a  row  near  one  another, 
about  the  middle  of  one  side  of  the  molding  floor.  The 
melted  iron  flows  from  the  cupolas  into  ladles,  which  are 
carried  by  either  of  the  cranes  k  and  /  over  the  molding 
floor.  The  iron,  coke,  etc.  for  charging  the  cupolas  are 
elevated  to  the  charging  platform  for  the  cupolas  by  means 
of  the  hoist  at  m.  The  space  n  along  the  wall  in  the  rear 
of  the  cupolas  is  used  for  bins  for  core  and  molding  sands 
and  for  clay;  the  wash  rooms  o  are  also  located  near  the 
cupolas.  The  hoist  m  for  raising  the  iron,  coke,  etc.  from 
the  ground  to  the  charging  platform  /  is  between  the  middle 
cupola  and  the  wall.  The  large  electrical  traveling  crane 
reaches  entirely  across  the  molding  floor  and  is  supported 
by  runways  that  extend  the  full  length  of  the  building  and 
also  over  the  yard  g\  one  of  these  cranes  is  shown  at  k.  The 
foundations  for  the  supports  of  the  runways  over  the  yard 
are  shown  at  q.  Along  the  cupola  side  of  the  building  the 
track  is  supported  on  the  row  of  columns  s.  Under  the  large 
crane  k  are  two  cranes  /  and  /  that  are  one-half  its  length. 
A  central  row  of  posts  k  extends  down  the  molding  floor  for 
about  half  its  length  and  supports  the  tracks  for  the  inner 
end  of  each  of  the  two  shorter  cranes  /  and  t,  which  run 
under  the  large  crane  k.  An  elevated  platform  v  on  the 
row  of  posts  H  is  used  by  the  operator  of  the  two  small 
cranes,  while  the  large  crane  is  operated  from  an  operator's 
cab  w  attached  to  it.  A  small  crane  x  runs  over  the  core 
department  d.  The  slag  and  cinders  are  removed  by  means 
of  a  car  y  running  on  a  track  at  the  rear  of  the  cupolas. 
The  fan  c'  delivers  fresh  air  to  the  foundry  floor  through 
the  two  conduits  s.  «*. 
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lO.  In  Pig.  3  is  shown  the  plan  and  in  Fig.  A  a  cross- 
section  of  a  foundry  building,  which  embraces  not  only  the 
equipment  necessary  to  nearly  all  small  foundries  but  many 
appliances  that  are  applicable  to  the  manufacture  of  any  of 
the  classes  of  either  light  or  heavy  castings.  The  building 
consists  of  a  main  portion  a  with  lean-tos  6,  c  along  each  side, 
as  shown  in  Fig.  4,  these  having  various  offsets  and  irregular 
shapes  to  provide  the  floor  space  necessary  for  the  most  con- 
venient arrangement  of  the  apparatus  in  the  equipment. 
The  cupolas  d  are  located  in  the  room  ^  in  a  row  along  the 
side  of  the  main  molding  floor;  the  core  department  e  is 
located  near  the  cupola  room  on  the  same  side  of  the  main 
floor.  The  building  is  lighted  by  large  skylights  in  each 
roof  and  windows  in  the  walls  and  gables,  and  in  the  space 
between  the  eaves  of  the  main  portion  of  the  building  and 
the  top  of  the  roof  of  the  sheds.  A  large  traveling  crane/, 
Fig.  4,  travels  nearly  the  full  length  of  the  building,  and  a 
smaller  traveling  crane^is  located  in  the  lean-to  c.  Several 
jib  cranes  h  operated  by  electric  motors  are  located  along 
the  sides  of  the  molding  floor.  These  jib  cranes  are  pivoted 
to  the  columns  of  the  building  in  such  a  manner  that  they 
can  be  lifted  off  their  supports  and  removed  to  other  col- 
umns by  means  of  the  traveling  crane.  The  cleaning  depart- 
ment i  is  located  in  an  annex  at  one  corner  of  the  building; 
and  the  heating  and  ventilating  machinery /,/  the  pattern 
room  k,  wood  shop  /,  and  lavatory  and  dressing  rooms  tii,  in 
additions  against  the  lean-to  c.  The  blower  and  air  com- 
pressor are  located  on  the  second  floor  of  the  cupola 
room  n.  The  yard  o  in  the  immediate  vicinity  of  the 
cupolas  is  used  for  the  storage  of  iron  and  coke,  while 
that  at  p  is  occupied  by  sheds  for  the  different  kinds  of 
sand  and  other  molding  materials.  A  narrow-gauge  rail- 
way system  extends  throughout  the  whole  plant,  connect- 
ing the  different  departments  and  the  stock  yard  with  one 
another.  Steam-road  tracks  g,  q  lead  into  the  buildings 
and  the  stock  yard.  The  stock  is  elevated  to  the  charging 
platform  r  by  means  of  a  hoist  s  located  at  the  rear  of  the 
cupolas. 
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11.  The  stock  yard  is  used  for  the  storage  of  the 
various  grades  of  pig  iron,  scrap  iron,  sprues,  and  coke  ; 
it  should  have  bins  and  sheds  for  molding  sand,  firebrick', 
fireclay,  facings,  pattern  and  flask  lumber  and  for  storing 
flasks,  hose,  tools,  and  other  supplies  and  miscellaneous 
materials  that  should  not  be  exposed  to  the  weather. 
In  some  cases  it  is  most  economical  to  store  the  iron,  coke, 
and  coal  on  a  level  with  the  charging  platform  of  the  cupola, 
which  is  usually  from  12  to  15  feet  above  the  floor  of  the 
foundry.  This  can  be  done  by  building  the  bins  on  a  sub- 
stantial elevated  structure,  which  is  provided  with  tracks 
connected  by  suitable  inclines  with  the  railway  sidings. 
The  materials  are  brought  directly  to  the  required  height 
by  the  shifting  engine  that  delivers  the  cars  into  the  yard. 
Waterproof  bins  and  sheds  should  be  constructed  under  the, 
upper  yard  and  used  for  the  storage  of  the  supplies  and 
appliances  previously  mentioned.  Narrow-gauge  tracks, 
from  30  to  36  inches  (between  rails),  connect  the  upper 
storage  bins  with  the  charging  platforms  of  the  cupolas  and 
the  lower  yard  bins  with  the  floor  of  the  foundry. 

The  greatest  possible  care  should  be  bestowed  upon  the 
construction  and  maintenance  of  the  track  systems  and 
equipments,  for  smooth  and  well-laid  tracks  and  substantial 
car  trucks  insure  continuous  and  satisfactory  service  and 
minimize  repairs  and  interruptions  from  breakdowns  and 
derailments.  A  longer  life  of  the  structure  is  insured  if  it 
is  not  subjected  to  the  shocks  from  wheels  of  heavily  loaded 
cars  passing  over  rail  joints,  frogs,  and  crossings.  The 
narrow-gauge  tracks  are  in  almost  constant  use  in  foundries 
and  the  standard  tracks  must  withstand  very  heavy  loads  ; 
grade  crossings  of  the  two  should  not  be  tolerated.  This 
can  be  done  by  arranging  the  upper  bins  between  the  two 
systems  of  tracks,  with  the  narrow  gauge  next  the  building 
and  the  standard  gauge  on  the  far  side.  By  the  use  of 
double-track  bridges,  turntables,  and  Y's,  it  is  possible  to 
reach  all  parts  of  the  structure  in  the  easiest  and  most 
direct  manner  and  with  the  least  delay  in  the  service.  The 
tracks  should  be  so  arranged   that  all  loaded  trucks  will 
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move  from  the  storage  bins  toward  the  cupola  platform  in 
the  most  direct  line  possible,  and  all  the  empties  move  in  the 
opposite  direction  by  a  separate  return  track;  the  tracks 
should  slope  from  the  yard  to  the  platform,  and  thus  save 
labor  in  transporting  the  material  to  its  destination.  The 
most  economical  location  for  the  sand  bins  is  directly  under 
the  upper-yard  stock  bins.  Sand  should  be  shipped  in  cars 
with  hopper  bottoms,  so  that  it  can  be  dropped  directly 
from  the  car  into  the  bins.  Coke  and  limestone  require 
cars  with  side  discharge,  while  gondolas  are  best  for  iron 
shipments,  especially  if  cranes  are  used  for  unloading.  The 
supply  of  sand  should  be  secured  during  the  summer,  for 
the  extra  weight  of  wet  sand  increases  the  freight  charges; 
besides  sand  shipped  in  winter  is  liable  to  be  frozen,  so  that 
the  unloading  will  require  a  greater  outlay  for  wages.  Care- 
ful foundry  managers  provide  ample  storage  capacity  and 
lay  in  a  good  supply  of  all  necessary  supplies  in  proper 
season  ;  also,  track  scales  are  provided  so  that  all  materials 
deposited  or  withdrawn  may  be  weighed.  It  is  generally 
best  to  enclose  the  stock  yard  and  other  portions  of  the 
ground,  not  surrounded  by  buildings,  by  a  substantial  fence. 


EQUIPMENT. 


DESCRIPTION  OF  APPLIANCES. 

12.     Location   of  Cupolas  and  CharKlns  Floors. 

The  ideal  location  for  the  cupola  is  in  the  center  of  the 
molding  floor;  but  this  requires  extensive  grounds  and  track 
systems  with  long  approaches  to  be  really  serviceable,  as 
the  railway  tracks  near  the  end  of  the  building  are  on  an 
inclined  trestle  and  the  coal,  coke,  and  iron  are  delivered  by 
the  shifting  engine  directly  to  the  cupola-charging  platforms, 
which  are  sufficiently  large  to  store  a  liberal  supply  of  mate- 
rials. In  an  arrangement  of  this  kind  the  elevated  platforms, 
or  cupola  top  house,  are  over  part  of  the  molding  floor. 
Foundries  not  having  the  necessary  ground  for  this  center 
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arraogement  of  the  cupolas  are  equipped  with  elevators  that 
convey  the  materials  from  the  ground  level  to  the  cupola 
charging  platforms.  The  next  best  position  for  the  cupolas 
is  midway  along  the  side  of  the  molding  floor.  This  plan 
makes  it  possible  to  convey  the  materials  from  the  upper 
bins  outside  the  foundry  to  the  charging  platforms  or  to  use 
elevators  to  handle  the  materials  from  the  lower  yard.  With 
the  cupolas  at  the  side,  the  slag  and  refuse  are  easily  acces- 
sible from  the  outside  and  can  be  removed  without  inconve- 
nience to  the  molders. 

In  Fig.  6  is  shown  the  plan  of  a  charging  platform  where 
the  cupolas  are  located  near  each  other  along  the  side  of  the 


molding  floor,  while  Fig.  6  shows  the  general  arrangement 
of  the  appliances  and  materials  on  the  platform.  In  this 
case  all  the  stock  for  charging  the  cupolas  a,  a  is  brought  to 
the  floor  by  means  of  a  hoist  i>,  operated  by  an  electric 
motor.  A  narrow-gauge  track  c  leads  from  the  hoist  to  the 
turntable  d,  which  permits  the  trucks  e  to  pass  from  the 
hoist  to  the  elliptical-shaped  track  that  extends  around 
the  floor.  This  track  is  long  enough  to  hold  a  train  of  trucks 
,with  all  the  coke,  iron,  etc.  required  to  charge  the  cupola 
for  a  day.  The  trucks  pass  by  the  cupolas  and  the  materials 
are  charged  directly  from  them,  thus  necessitating  a  mini- 
mum of  handling.  A  quantity  of  pig  iron  and  scrap  is  stored 
at  /,  ^,  and  i  and  coke  at  A  to  supply  the  cupolas  for  a  short 
time  in  an  emergency,  such  as  the  stoppage  of  the  hoist,  or 
an  accident  to  the  trucks  in  the  yard,  etc. 
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If  more  than  one  cupola  is  used,  it  is  sometimes  of  advan- 
tage to  place  them  far  enough  apart  so  that  each  will  com- 
mand an  equal  portion  of  the  molding  floor.     This,  however, 


depends  on  the  general  nature  of  the  work  and  is  less  conve- 
nient in  foundries  where  the  metal  from  two  or  more  cupolas 
is  used  for  single  large  castings. 

13>     Blowersand  Fans. — The  blast  is  furnished  to  the 

cupolas  by  blowers,  which  may  ht  positive  or  non-positive 
in  character;  the  former  forces  a  constant  volume  of  air  into 
the  cupola,  while  the  latter  furnishes  air  at  a  constant  pres- 
sure but  does  not  necessarily  deliver  a  constant  volume  into 
tiie  cupola.  A  positive  rotary  blower  is  shown  in 
Fig.  7  (a)  and  (b).  The  machine  is  driven  by  a  belt  on  the 
pulley  a  on  the  shaft  </,  as  shown  in  Fig.  7  {b),  which  is  a 
vertical  cross-section  through  the  middle  of  the  blower; 
gears  covered  by  the  casings  b  connect  the  upper  shaft  c 
with  the  lower  shaft  d.  Tiie  impellers,  or  vanes,  f,  /  are 
keyed  on  the  shafts  c,  d,  and  in  rotating  within  the  casing^ 
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in   the    direction    of    the   arrows,   draw    the    air   in   at   h 
and   discharge    it    at   i.      The   impellers   are    constructed 


so  as  to  have  a  close  working  fit  with  one  another  and 
with  the  casing.  When  revolving  they  are  kept  in  their 
proper  relative  positions  by  the  gears  that  connect  the 
two  shafts. 

A  non-poslttve  blovver.orfan,  as  it  is  commonly  called, 
is  shown  in  Fig.  8.  The  casing  a  encloses  a  fan  wheel  made  of 
a  number  of  straight  or 
curved  vanes  fastened 
to  thearmsof  the  spider, 
which  is  keyedto  the  dri- 
vingshaft^.  Therapidly 
revolving  fan  wheel 
draws  in  the  air  through 
the  centra!  opening  c 
and  discharges  it  at  the 
outlet  d,  whence  it  is 
conveyed  through  asuit- 
able  pipe  to  the  cupola. 
Blowers  and  fans  are 
frequently  operated  by 
direct  -  connected    en-  '*'' 

gines  or  electric  motors.  With  a  fan  blower,  the  volume  of 
the  air  is  automatically  increased  as  the  resistance  to  the 
flow  of  the  air  is  decreased,  and  vice  versa. 
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Blowers  and  fans  should  have  solid  foundations  and  should 
be  located  near  the  cupola,  as  the  farther  away  they  are,  the 
more  power  is  lost  by  friction  in  the  pipes.  The  loss  of  pres- 
sure in  the  pipes  increases  directly  as  the  length  of  the  pipe 
and  as  the  square  of  the  velocity  of  the  air.  The  combined 
areas  of  branch  pipes  should  be  somewhat  greater  than  that 
of  the  main  pipe  from  which  they  lead,  and  the  area  of  all 
pipes  should  increase  as  the  distance  from  the  blower 
increases.  If  the  diameter  of  the  blower  outlet  is  3  inches, 
that  of  the  pipe  at  30  feet  should  be  3J  inches,  and  at  300  feet 
5i  inches.  In  erecting  air  pipes  the  least  possible  number 
of  elbows  or  turns  should  be  used,  and  these  should  be 
rounded,  as  square  turns  greatly  retard  the  flow  of  the  air. 
Sudden  changes  in  the  diameter  of  the  blast  pipe  should  be 
avoided.  If  it  is  necessary  to  reduce  or  enlarge  the  diam- 
eter of  the  pipe,  this  should  be  done  with  a  special  tapered 
section.  Special  care  must  be  taken  to  have  all  joints  air- 
tight. The  distance  between  the  blower  and  the  cupola 
should  be  such  that  the  blast  pipe  will  serve  as  a  reservoir  of 
sufficient  capacity  to  provide  for  the  irregularities  in  the  serv- 
ice. From  30  to  40  times  its  diameter  is  a  good  length  for 
the  blast  pipe.  The  melting  process  in  a  cupola  requires 
about  30,000  cubic  feet,  or  about  3,000  pounds  of  air  per  ton 
of  metal  melted.  If  the  tuyeres  of  a  cupola  become  stopped 
when  a  fan  is  used  to  furnish  the  blast,  the  fan  will  cease 
to  drive  air  into  the  cupola,  but  the  pressure  of  the  blast  will 
not  rise  and  give  an  indication  of  the  difficulty.  If  a  posi- 
tive blower  is  used  and  the  tuyeres  become  stopped,  the  pres- 
sure of  the  blast  will  rise  until  the  obstruction  is  forced  out 
of  the  way  or  until  some  weak  part  of  the  pipe  system 
gives  way. 

14.  Traveling  Cranes. —  The  molding  departments 
of  large  foundries  are  usually  equipped  with  one  or  more 
overhead  traveling  cranes  with  runways  extending  the 
entire  length  of  the  molding  floor;  they  are  usually  oper- 
ated either  by  hand,  electricity,  or  compressed  air.  Except 
in   foundries  where  only  light   work   is  made,  they  prove 


^aovGoOt^lc 


$49  FOUNDRY   APPLIANCES.  17 

excellent  labor  savers.  One 
style  of  hand-operated  trav- 
eling crane  is  shown  in 
^ig.  9.  Such  cranes  usually 
consist  of  a  bridge  a  ex- 
tending across  the  foundry 
floor  and  resting  on  trucks 
at  each  end,  which  are  sup- 
ported by  tracks  d  on  the 
side  walls  or  girders  of  the 
building.  The  bridge  is 
operated  from  the  floor  by 
hand  by  means  of  a  chain  A 
that  runs  on  a  chain  wheel 
on  the  shaft  //;  this  shaft 
has  a  pinion  e  at  each  end 
that  meshes  with  the 
gears  _/,  /,  which  are  keyed 
■^  to  the  same  shaft  as  the 
C  wheels  g.  g  that  rest  on  the 
track.  When  the  shaft  d  is 
rotated  by  pulling  the  end- 
less chain  //,  the  crane  is 
moved  along  the  tracks  b. 
A  car  c  carrying  the  hoist- 
ing apparatus  is  arranged 
to  travel  along  the  bridge. 
Hand  cranes  ar.e  also  oper- 
ated by  means  of  cranks 
and  gearing  on  a  stage  sus- 
pended below  one  end  of 
the  bridge. 

Where  heavy  work  is  to 
be  done,  electric  or  air  mo- 
tors are  used  to  operate  the 
cranes.  An  electric  crane 
suitable  for  heavy  work  is 
shown   in   Fig.   10.      The 
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bridge  a  is  made 
of  two  heavy 
steel-plate  girders 
resting  on  a  four- 
wheeled  truck  6  at 
each  end,  which 
travel  on  tracks 
supported  by  the 
side  walls  of  the 
building.  An  op- 
erator's cab  c  is 
attached  to  the 
bridge  and  is  sus- 
pended under  it  at 
the  side  of  the 
building  opposite 
the  cupola.  The 
operator  controls 
the  motor  d  for 
moving  the  bridge 
".  along  the  length  of 
£  the  building,  and 
the  motojs  for 
moving  the  car  e 
across  the  bridge 
and  the  vertical 
movement  of  the 
hoist.  The  motor  (i^ 
is  located  near  the 
middle  of  the 
bridge  and  oper- 
ates the  shaft  / 
that  transmits  the 
power  to  the  gear- 
ing on  the  trucks  i 
and  causes  the 
bridge  to  move 
along    the   tracks- 
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A  motor  g  traverses  the  car  e  back  and  forth  across  the 
bridge.  Some  of  the  largest  traveling  cranes  are  provided 
with  more  than  one  car.  The  hoisting  apparatus  on  the 
car  may  be  direct  acting  for  light  work,  and  differential, 
duples,  or  triplex  acting  for  heavy  service,  though  the 
car  may  be  equipped  with  more  than  one  hoist;  a  slow 
motion,  for  lifting  heavy  loads  and  a  quick-acting  hoist 
for  lifting  light  loads,  tilting  heavy  ladles  when  pouring 
castings,  etc. 

In  order  to  prevent  one  end  of  the  crane  from  lagging 
behind  the  other,  it  is  important  that  the  power  be  applied 
at  or  near  the  middle  of  the  driving  shaft  f,  unless  some 
other  provision  is  made  in  the  design  of  the  crane  to  pre- 
vent this  difficulty.  If  the  power  is  applied  at  the  middle 
of  the  shaft,  the  torsion  in  the  two  parts  will  be  as  nearly 
equal  as  possible  and  thus  tend  to  keep  the  bridge  square 
with  the  tracks,  thus  reducing  the  friction  and  the  power 
required  to  drive  it.  It  is  also  necessary  to  place  the  load 
as  near  the  middle  of  the  bridge  as  possible,  as  a  heavy  load 
at  one  end  will  tend  to  make  that  end  lag  behind  the 
other.  The  tracks  of  the  runways  should  tw  kept  in  good 
aiinement. 

The  apparatus  for  hoisting  and  moving  the  bridge  should 
be  started  very  gradually ;  sudden  changes  of  motion  should 
never  be  made,  for  serious  accidents  have  been  caused  by 
rapidly  changing  the  motion  of  the  bridge,  especially  when 
it  is  loaded  at  one  end.  When  started  suddenly,  there  is  a 
tendency  for  the  loaded  end  of  the  bridge  to  lag  behind  and 
the  other  end  to  leave  the  track  and  fall  to  the  floor;  acci- 
dents of  this  kind  have  resulted  in  the  loss  of  life  and  con- 
siderable property.  Care  should  also  be  taken  not  to  load 
the  crane  beyond  its  capacity,  and  to  use  each  appliance  for 
the  purpose  for  which  it  is  designed.  It  is  not  proper,  for 
example,  to  use  a  heavy  and  slow-acting  crane  to  handle 
light  work  that  is  to  be  lifted  and  transported  within  a 
limited  and  prescribed  area.  Such  work  is  more  economic- 
ally done  by  the  use  of  hand  cranes,  as  previously  men- 
tioned, or  by  jib  cranes,  or  pneumatic  hoists. 
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15.  A  Jib  craae  suitable  for  light  work  is  shown  in 
Fig.  11.  Such  a  crane  consists  of  a  post  a,  pivoted  at  the  top 
and  bottom,  and  carrying  a  jib  b.  Sometimes  both  of  the 
pivot  plates  are  supported  by  one  of  the  side  columns  of  the 
building.  A  brace  c  supports  the  outer  end  of  the  jib.  A 
trolley  d  carrying  a  chain  hoist  /  is  shown  on  the  jib.     The 


trolley  d\s  also  frequently  equipped  with  a  pneumatic  hoist. 
Cranes  of  this  type  are  usually  secured  to  the  columns  of 
the  building  at  the  side  of  the  molding  floor,  as  shown  in 
Fig.  4,  and  are  designed  to  swing  freely  under  the  traveling 
crane;  or  they  may  occupy  the  whole  space  where  no  trav- 
eling crane  is  used. 

In  Fig.  12  is  shown  a  jib  crane  for  heavy  service.  The 
frame  is  made  of  steel  and  braced  in  a  very  substantial 
manner.  The  post  a  is  formed  of  two  cliannel  bars  stiffened 
by  lattice  braces  riveted  across  the  sides  as  shown.  The 
jib  b  is  made  of  two  heavy  girders  separated  far  enough  to 
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form  a  track  for  the  carriage  c,  and  to  allow  enough  clear- 
ance between  the  girders  for  the  vertical  movement  of  the 
hoisting  chain.  The  winch  £  for  lifting  the  loads  by  means 
of  the  hook  /  is  attached  to  the  post  a  near  the  bottom  so  as 
to  be  conveniently  operated  from  the  floor  by  means  of  two 
hand  cranks  g;  g.  The  movement  of  the  carriage  along  the 
jib  is  controlled  from  the  fioor  by  means  of  a  hand  chain  d 


that  operates  the  gearing  on  top  of  the  jib  at  the  end  next 
to  the  post.  The  arrangement  is  such  that  an  endless 
chain  k,  which  is  attached  to  the  carriage  c,  passes  around 
the  wheel  i  at  the  outer  end  of  the  jib  and  a  driving  wheel 
that  receives  its  motion  from  the  power  applied  to  the  hand 
chain  d\  the  carriage  is  moved  backwards  or  forwards  at 
the  will  of  the  operator.  Electric  or  air  motors  or  steam 
engines  are  often  used  both  for  operating  the  winch  and  the 
carriage. 

The  plate  /on  which  the  post  a  is  pivoted  should  be  sup- 
ported by  a  substantial  foundation.  The  upper  pivot  k  is 
usually  secured  to  one  or  more  of  the  braces  of  the  building. 
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16.  Chain  Hoists. — There  is  a  great  variety  of  hoist- 
ing appliances  applicable  to  crane  and  trolley  work.  Some 
'r"  style  of  pulley  block,  which  may  be 
either  of  the  differential,  duplex,  or 
triplex  form  and  which  will  support 
the  load  in  any  position  without  the 
continuous  application  of  power,  is 
generally  used ;  these  are  operated  by 
hand,  compressed  air,  or  electricity. 
They  may  be  attached  to  a  crane  or 
trolley  simply  by  means  of  a  hook, 
which  is  the  case  when  a  special  trol- 
ley carriage  is  used,  and  also  for  light 
service.  In  Fig.  13  is  shown  a  com- 
bined triplex  hoist  and  trolley,  which 
is  a  style  frequently  used. 

The  hoisting  mechanism  of  a  triplex 
pulley  block  consists  of  a  direct  train 
of  spur  gears  enclosed  in  the  circular 
frame  a  and  operated  by  means  of  a 
wheel  *  carrying  a  hand  chain  c.  The 
gearing  gives  motion  to  a  drum,  which 
moves  the  chain  d  that  supports  the 
weight.  The  trolley  is  provided  with 
four  truck  wheels  e,  two  on  each  side 
^'°-  ^^  of  the  track y.     In  the  plain  form,  as 

I  the  illustration,  the  movement  of  the  trolley  is 
by  pushing  horizontally  against  the  load  in  the 
desired ;  for  heavier  work,  a  geared  trolley  is  used, 
which  is  moved  by  means  of  an  endless  chain  passing  over  a 
wheel  geared  to  the  wheels  of  the  truck. 

It  is  customary  to  use  chains  foe  hoisting  purposes,  but 
they  often  cause  slight  irregularities  and  shocks,  which  are 
objectionable  when  lifting  copes,  withdrawing  patterns,  or 
setting  cores.  For  these  reasons  wire  ropes  are  preferable, 
as  they  work  smoother;  defects  in  steel  ropes  are  more 
easily  detected  by  superficial  inspection  than  defects  in 
chains.     To  insure  safety,  crane  chains,  hooks,  and  slings 


shown 

effectei 
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should  be  inspected  frequently  and  annealed  at  least  once 
a  year. 

1 7.  An  air  hoist  is  a  serviceable  appliance  that 
can  be  used  when  com- 
pressed air  is  available. 
Such  hoists  are  simple  in 
construction,  light  in 
weight,  occupy  little 
space,  are  easily  operated, 
and  are  not  so  likely  to 
shake  the  sand  out  of 
copes  as  chain  hoists. 
One  form  of  air  hoist  Js 
shown  in  Fig.  14  and  con- 
sists of  a  cylinder  a,  in 
which  there  is  a  piston 
that  supports  the  piston 
rod  and  the  load  on  the 
hook  b  on  the  end  of  the 
piston  rod.  The  com- 
pressed air  is  conducted  to 
the  hoist  through  a  hose 
attached  to  a  pipe  at  c;  a 
valve  d  in  the  pipe  at  the 
lower  end  of  the  cylinder 
controls  the  admission  of 
the  air  to  and  its  exhaust  •""■  "■ 

from  the  cylinder  and  is  operated  by  hand  by  means  of  the 
chains  e,  e  and  handle/!  An  air  hose  is  more  or  less  objec- 
tionable when  it  hangs  down  in  the  way  of  the  workmen,  and 
automatic  reels  and  other  contrivances  are  sometimes  used 
to  carry  the  slack  hose.  Such  hoists  may  be  stationary  or 
portable;  the  latter  style  is  suspended  either  by  a  hook 
that  enters  the  ring  g,  or  on  trunnions  /  that  rest  on 
the  carriage  h  that  runs  on  a  track  t,  as  shown  in  the  illus- 
tration. The  latter  form  gives  more  room  over  the  mold* 
ing  Boor, 
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K.  screw-governed  air  Itoist,  shown  in  Fig.  15,  is  sometimes 
used  in  foundry  work,  as  it  is  easily  controlled  and  will  sup- 
port a  load  in  perfect  safety  in  any  position  within  the  length 
of  its  stroke.  It  works  smoothly  and  can  be  delicately 
adjusted,  and  is  therefore  use- 
ful for  lifting  copes,  drawing 
patterns,  and  setting  cores. 
The  air  is  admitted  to  and  ex- 
hausted from  the  cylinder  by 
means  of  a  valve  a  at  the  lower 
end  of  the  cylinder  b,  which  is 
operated  by  a  cord  c.  It  re- 
quires a  slight  movement  of 
the  hand  chain  d  to  start  the 
load  either  up  or  down.  For 
light  loads  it  can  be  worked 
without  air  pressure  as  an  ordi- 
nary screw  hoist.  The  motion 
is  transmitted  from  the  hand 
chain  through  the  bevel 
gears  e,  f.  The  small  gear  / 
is  on  the  end  of  the  screw  g, 
which  extends  into  the  hollow 
piston  rod  h,  and  the  rotation 
of  the  gear  causes  the  screw  g 
to  turn  in  the  piston  nut  /and 
either  raises  or  lowers  the 
hooky,  depending  on  the  direc- 
tion the  power  is  applied  to  the 
chain  d.  This  is  really  a  screw 
hoist  in  which  most  or  all  of  the 
load  is  supported  by  the  cora- 
,  '"*■  **■  pressed  air  during  hoisting.     If 

the  load  is  left  hanging  on  the  hook,  it  will  not  lower  if  some 
of  the  compressed  air  leaks  out. 

1 8.     Trolleys. — Overhead  trolley  systems  are  frequently 
used  instead  of  cranes.     They  possess  many  advantages  for 
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bandling  light  and  medium  work  up  to  1,500  or  3,000  pounds. 
They  can  be  arranged  to  cover  a  large  area;  the  devices  are 


easily   handled  and   several   trolleys  can   be    used   on   the 
same   track  at  the  same  time  without  interference.     The 
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tracks  can  be  erected  so  as  to  join  two  or  more  depart- 
.ments  of  the  foundry  and  the  system  may  comprise  a 
single  track  with  switches  or  a  double  track  with  or  with- 
out crossovers. 


They  are  very  serviceable  for  use  over  side  floors  where 

not  obstructed  by  overhead  traveling  cranes,  and  can  be 
suspended  from  the  roof  trusses,  or  in  a  variety  of  ways 
suited  to  all  conditions.     As  the  tracks  cannot  be  supported 
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under  traveling  cranes  without  erecting  posts  on  the  floor, 
it  is  best  under  these  circumstances  to  keep  the  tracks  near 
the  walls  and  secure  them  to  brackets  attached  to  the  main 
columns  of  the  building.  The  tracks  are  made  of  channels, 
I  beams,  or  flat  bars.  The  switches  and  crossovers  must  be 
designed  so  as  to  insure  a  continuity  of  the  runway,  and 
with  no  possibility  of  remaining  open  and  dropping  the 
trolleys.  The  trolley  carriage  for  the  flat-bar  track  may  be 
simpler  than  any  other  style,  having  either  one  or  two 
rollers  as  a  support,  but  the  double  form  running  on  I  beams 
or  channels  is  more  substantial. 

Fig.  16  shows  a  single-rail  trolley  system  with  a  switch  to 
carry  the  trolley  from  the  main  track  to  a  side  track.  The 
portion  of  the  track  between  a  and  d  is  hinged  at  a  and 
serves  as  a  switch.  Its  position  is  regulated  from  the  floor 
by  means  of  the  chains  c,  c,  so  that  either  the  main  track  r 
or  the  side  track  r'  may  become  continuous  with  the  switch 
rail  r"  as  desired.  The  trolley  is  shown  at  d  supporting  a 
chain  hoist  e;  pneumatic  hoists  are  frequently  used  instead 
of  chain  hoists.  The  switch  r"  is  provided  with  projections, 
one  of  which  is  always  opposite  the  open  end  of  the  track  so 
as  to  prevent  a  trolley  running  off  the  end  of  the  track. 
One  of  these  projections  is  shown  at  the  end  of  the  open 
track  r. 

In  Fig.  17  is  shown  a  double-track  trolley  system  using 
crossovers,  one  of  which  is  shown  at  ^,  for  the  purpose  of 
changing  the  trolleys  from  either  track  to  the  other.  The 
switch  is  operated  from  the  floor  by  means  of  chains  J  that 
pass  over  a  pulley  r.  A  duplicate  operating  pulley  d  is 
arranged  at  the  other  end  of  the  crossover  for  convenience. 
This  system  allows  the  use  of  several  trolleys  a  on  the  tracks 
at  the  same  time  without  interfering  with  one  another,  as 
shown  in  Fig.  18.  The  trolley  ladles  ^,  b  pass  under  the 
spout  of  the  cupola  c,  and  after  receiving  the  melted  iron, 
change  from  the  track  d  in  front  of  the  cupola  by  means  of 
any  one  of  the  several  switches  e,  e  to  some  one  of  the  main 
trapksy,  y  and  are  taken  to  the  floor  where  the  molds  are  to 
be  poured. 
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The  trolley  a.  Fig.  _18,  suitable  for  carrying  large  ladles, 
consists  of  four  wheels^,  g,  two  on  each  side  of  the  I  beam, 
held  in  place  by  a  frame  h  that  supports  the  ladle.  There 
is  a  heavy  coil  spring  in  the  sockets  at  each  end  of  the 
frame  h\  the  load  rests  on  the  springs,  which  prevent 
vibration  and  make  the  carriage  smooth  running.  In 
Fig.  1?  is  shown  an  important  application  of  the  trolley 
system.     A  large  ladle  e  of  molten  iron  is  brought  from  the 


cupola  to  the  place  Tvhere  the  pouring  is  to  be  done  and 
hand  ladles  f  are  filled  from  it  for  the  purpose  of  pouring 
light  castings  on  that  immediate  portion  of  the  floor.  This 
plan  aids  in  keeping  the  iron  hot  for  the  work.  By  using 
the  crossover^,  the  trolley  ladle  returns  on  the  other  rail  to 
the  cupola  and  leaves  the  way  clear  on  the  outgoing  rail  for 
other  ladles  to  reach  the  same  part  of  the  floor. 

A  single  flat  bar  set  on  edge  Is  sometimes  used  for  a 
trolley  track,  especially  for  light  work.  The  carriage  in 
this  case  may  have  either  one  or  two  wheels  with  the  neces- 
sary frame  and  attachments  for  supporting  the  load. 
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19.  Automatic  electric   trolley  systems,  or  telphers, 

are  used  in  foundries  for  conveying  materials  in  the  depart- 
ments and  from  one  building  to  another.  They  are  service- 
able for  delivering  castings  from  the  molding  floor  to  the 
cleaning  room,  the  storeroom,  or  the  shipping  department. 
These  telphers  are  operated  from  the  floor  by  an  electric 
switch.  They  run  on  overhead  wire  cables  or  tracks,  over 
curves  and  switches,  and  in  either  direction;  tliey  can  be 
arranged  also  to  run  on  the  surface  or  underground  with 
equal  facility.  The  car  runs  to  its  destination,  the  bucket 
trip«  and  returns  automatically.  The  equipment  requires 
very  little  skill  to  operate  it  and  its  use  greatly  reduces  the 
manual  labor  in  handling  materials. 

20.  Saad  Coove^rers.  —  In  ordinary  sand  molding, 
either  in  flasks  or  bedding  in  the  sand,  molds  are  poured 
and  shaken  out  at  or  very  near  the  place  they  are  made. 
In  such  cases  the  sand  is  usually  tempered  by  hand  and 
used  over  again.  From  time  to  time  some  of  the  worst 
burned  sand  is  rejected,  taken  away,  and  fresh  sand  brought 
to  take  its  place.  When  lighter  or  finer  grades  of  work  are 
made,  where  many  cores  or  a  great  many  nails  or  irons  are 
used,  the  preparing  of  the  sand  becomes  a  serious  item  of 
expense  and  hence  various  systems  of  conveyers  and  machines 
for  preparing  the  sand  have  come  into  use.  This  is  especially 
true  in  shops  where  many  duplicate  small  molds  must  be 
made.  In  general  it  may  be  stated  that  as  the  percentage 
of  time  required  to  prepare  the  sand  compared  with  the  time 
it  takes  to  make  the  mold  increases,  the  saving  effected  by 
mechanical  devices  for  preparing  the  sand  will  increase. 

In  some  cases  it  may  be  found  advantageous  to  use  an 
automatic  trolley  system  to  distribute  molding  sand.  This 
may  prove  economical  in  foundries  where  bench  molding  at 
stationary  benches  predominates,  but  generally  a  more  elab- 
orate system  of  sand  conveyers  is  used.  A  complete  system 
for  molding-sand  distribution  comprises  an  underground  con- 
veyer for  taking  the  sand  from  the  place  where  the  molds 
are  shaken  out,  a  crusher,  a  mixer,  a  magnetic  separator,  a 
sifter,  a  temperer,  an  elevator,  and  an  overhead  conveyer 
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with  distributing  chutes  and  valves  for  returning  the  sand 
to  the  molding  floor.  It  is  rather  difficult  to  design  on  an 
elaborate  scale  a  sand  conveyer  that  will  be  entirely  satis- 
factory in  operation,  for  the  abrasive  action  of  the  sand  soon 
destroys  many  of  the  details  and  impairs  the  efficiency  of  the 
system.  Steel  ropes  and  chains  are  not  suitable  for  use  in 
such  conveyers,  as  they  will  soon  be  cut  through  by  the  sand. 


Sand   conveyers  of   the   reciprocating  type,  illus- 
trated in  Fig.  19,  have  given  the  best  satisfaction  in  foundry 
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practice.  They  are  simple  in  construction  and  the  parts  are 
not  subjected  to  much  destructive  wear.  Fig.  20  shows  a  lon- 
gitudinal sectional  view  of  an  overhead  sand  conveyer,  which 
consists  of  a  series  of  wooden  or  steel  blades  a  suspended 
from  a  tubular  bar  b  by  means  of  hinged  connections  r. 
The  hinged  joints  are  so  constructed  that  they  will  not 
allow  any  movement  of  the  blades  back  of  a  vertical  position. 


The  tube  is  supported  by  angle-iron  brackets  (/,  each  enclo- 
sing a  flat-faced  roller  e,  which  allows  a  horizontal  movement 
of  the  bar  of  from  3  to  4  feet.  The  bearings  for  the  roller 
shafts  are  supported  on  the  edges  of  the  trough  y  in  which 
the  sand  is  conveyed.  The  blades  are  suspended  in  a  trough^ 
that  receives  the  sand  from  an  elevator.  The  bar  is  given  a 
reciprocating  motion  by  a  crank  ^  on  the  driving  shaft,  as 
shown  in  Fig.  19.  The  conveyer  is  driven  from  a  belt  on  the 
pulley  (  and  is  stopped  and  started  by  means  of  the  friction 
clutchy.  The  blades  are  held  rigid  during  the  forward  motion 
by  the  supports  i,  Fig.  20,  the  bottoms  being  slightly  in 
advance  of  the  upper  edges,  and  push  the  sand  along  the 
trough.  During  the  backward  motion,  the  blades  lift  upwards 
as  indicated  by  the  dotted  lines  and  slide  over  the  sand,  drop- 
ping down  behind  the  piles  of  sand  formed  in  the  forward 
stroke,  and  the  forward  motion  is  repeated.  Openings  with 
suitable  valves  and  chutes  are  arranged  in  the  bottom  of 
the  trough  in  places  where  the  sand  is  needed.  The  oscil- 
lating system  admits  of  great  flexibility.  The  sand  may  be 
carried  forwards  in  one  or  more  main  conveyers  to  branch 
conveyers,  which  deliver  it  to  all  parts  of  the  molding  floor. 
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21 .  In  addition  to  the  reciprocating  conveyer  illustrated 
in  Figs.  IS  and  20,  a  rubber-belt  conveyer  is  frequently 
used.  Tliis  consists  of  a  rubber  belt  supported  on  pulleys 
in  such  a  manner  as  to  cause  the  belt  to  assume  a  trough 
shape.  This  may  be  accomplished  by  having  one  set  of 
pulleys  supporting  the  center  and  two  sets  of  inclined  pulleys 
placed  in  such  a  way  as  to  support  the  outside  edges  of  the 
belt.  Such  a  belt  is  subject  to  less  wear  than  a  recipro- 
cating conveyer  and  has  a  very  great  capacity,  on  account 
of  the  fact  that  both  the  sand  and  the  conveyer  are  con- 
stantly moving  forwards,  hence  the  great  loss  of  energy 
necessary  to  overcome  the  inertia  of  the  reciprocating 
parts  of  the  conveyer  and  to  start  and  stop  the  sand  is 
avoided. 

The  disadvantage  of  this  style  of  conveyer  is  that  it  must 
deliver  the  material  which  it  conveys  at  some  stated  point, 
either  at  the  end  of  the  conveyer  or  by  means  of  a  special 
side  discharge  at  some  point  along  its  line.  The  recipro- 
cating conveyer  can  be  made  to  fill  a  series  of  pockets  or 
hoppers.  All  the  sand  will  fall  into  the  first  hopper  until 
it  is  full,  after  which  the  conveyer  will  simply  scrape  the 
sand  across  the  top  of  this  hopper  to  the  next,  and  so  on. 
By  having  a  discharge  opening  beyond  the  last  hopper 
through  which  the  sand  falls  after  all  the  hoppers  are  full, 
the  operator  can  see  immediately  when  all  the  hoppers  are 
full  and  stop  the  conveyer  and  the  elevator  that  supplies  it. 
This  gives  him  but  a  single  point  to  watch  in  order  to  con- 
trol the  system,  while  If  a  rubber-belt  conveyer  is  used  with 
an  automatic  arrangement  for  discharging  into  any  one  of 
the  hoppers,  it  is  necessary  to  observe  each  hopper  sepa- 
rately, so  tliat  the  apparatus  requires  considerable  personal 
attention.  Rubber-belt  conveyers  are  especially  applicable 
as  main-iine  conveyers  for  supplying  branch  conveyers  of 
the  reciprocating  type. 

22>  Sand  Sifters. — New  molding  sand  contains  more 
or  less  gravel  and  vegetable  matter,  which  must  be  removed 
before  mixing.     Sand  that  has  been  used  generally  contains 
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nails,  gaggers,  shot,  iron,  and  fins.  Sifters  for  this  work  are 
made  in  a  great  variety  of  styles;  a  plain  vibrating  form  is 
shown  in  Fig.  31.  It 
consists  of  a  box 
sieve  a  that  is  sup- 
ported on  a  frame 
by  four  flat-steel 
springs  b  on  which 
the  sieve  vibrates. 
The  top  ends  of  the 
springs  are  bolted  to 
the  bottom  of  the 
box  a  and  the  lower  **' 

ends  are  bolted  to  the  crosspieces  c  of  the  frame.  The 
screen  receives  its  reciprocating  motion  from  a  cam  disk  d 
on  the  driving  shaft  e  extending  across  the  top  of  the  frame 
under  one  end  of  the  box.  The  cam  acts  against  a  projec- 
tion f  attached  to  the  box,  pushing  the  latter  horizontally 
against  the  pressure  of  the  springs,  which  return  it  to  its 
normal  position  when 
the  cam  has  passed. 
The  sand  is  deposited 
on  the  screen  at  the 
end  a  of  the  box,  the 
sifted  portion  passing 
into  the  wheelbar- 
row g,  and  the  refuse 
into  another  barrow  A 
at  the  lower  end  of 
the  sieve. 

Another  style  of 
shaking  sifter  is 
shown  in  Fig.  23, 
which  has  a  box- 
shaped  sieve  a  sup- 
^"''  **■  ported  by  four  rods  li 

and  to  which  is  imparted  a  combined  oscillating  and  rocking 
motion  by  means  of  the  cranks  c,  c.     The  machine  is  belt 
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driven  and  operates  the  crank-shafts  by  means  of  the  bevel 
gears  d.  This  style  of  machine  is  also  made  to  operate  by 
hand.  The  refuse  must  be  removed  from  the  sieve  with  a 
shovel  whenever  necessary.  The  sifted  sand  falls  on  the 
floor,  or  into  wheelbarrows  or  a  conveyer. 

The  pneumatic  sifter,  shown  in  Fig.  23,  is  portable  and  is 
useful  for  sifting  sand  as  needed  at  the  mold.    The  ordinary 


form  of  foundry  hand  riddle  is  used  in  this  machine,  which 
consists  of  an  air  cylinder  a,  a  circular  iron  frame  b  for 
holding  the  riddle  c,  and  a  supporting  tripod.  Compressed 
air  is  furnished  to  the  cylinder  through  a  hose  e  and  gives 
a  rapidly  reciprocating  motion  to  the  piston  attached  to 
the  frame  b.  The  riddle  c  vibrates  on  top  of  the  vertical 
hinged  rods/",/",  and  the  sand  that  is  shoveled  into  it  fails 
to  the  floor  as  it  is  shaken  through  the  riddle. 

A  rotary  sifter,  shown  in  Fig,  2i,  consists  of  two  hexag- 
onal frames  covered  with  wire  screen  a.     A  stand  b  supports 
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the  bearings  for  the  shaft  c  of  the  screens  together  with 
either  the  electric  motor  d  or  the  pulleys,  by  means  of  which 
it  is  driven;  some  machines  have  but  one  screen.  Knock- 
ers e,  e  are  generally  used  to  loosen  the  sand  that  clogs  the 
screens.  These  are  pivoted  at  the  ends  of  arms/, /attached 
to  the  frame  of  the  machine.  Lugs  ^,^  on  the  ends  of  the 
frames  carrying  the  screens,  pass  under  tlie  projections  h 
on  the  ends  of  the  knockers  and  cause  the  pads  e  to  strike 


the  screens.  Brushes  are  sometimes  used  instead  of 
knockers.  The  sand  enters  the  hole  i  at  the  end  of  the 
drum  either  by  means  of  hand  shovels  or  a  conveyer.  The 
accumulation  of  gravel  and  iron  in  the  drum  is  removed 
by  opening  one  section  of  the  screen,  although  in  other 
designs  a  conical  sieve  is  used,  the  sand  being  fed  in  at  one 
end  and  the  coarse  material  passing  out  at  the  other  end. 
This  style  of  sifter  is  sometimes  made  portable  by  mount- 
ing it  on  trucks. 
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23.  Magnetic  separators  are  most  frequently  used 
to  remove  the  nails  and  other  iron  particles  from  old  sand, 

also  in  brass  foundries  to 
remove  iron  chips  from 
fine  scrap  brass  or  brass 
chips,  where  it  is  very  im- 
portant that  all  the  iron 
should  be  removed  from  the 
mixture  before  it  is  charged 
into  the  crucible.  They  are 
also  used  for  the  recovery  of 
iron  from  cupola  cinder.  In 
brass  foundries  this  mixture 
is  usually  made  up  of  scrap 
and  turnings  from  the  ma- 
chine shop  that  contain  iron 
and  other  foreign  sub- 
stances.  One  form  of  mag- 
netic separator  is  shown  in 
Fig.  35.  The  sand  or  other 
material  is  introduced  in  a 
hopper  a  and  passes  over  a 
revolving  brass  drum  b, 
which  has  either  permanent 
or  electric  magnets  arranged 
'°'*'  in   the   interior  in  front  of 

the  axis  of  the  drum.  The  iron  particles  are  attracted  by 
the  magnets  and  are  carried  around  to  the  rear  of  the  drum, 
where  they  are  removed  by  a  brush  c  or  are  released  by 
passing  out  of  the  magnetic  field.  The  sand  or  brass  passes 
into  the  box  d  or  into  chutes  that  lead  to  bins  or  conveyers 
while  the  iron  falls  under  the  machine. 

24.  Sand  Mixers. — The  old-fashioned  way,  and  one 
that  has  been  universally  used,  is  to  mix  the  sand  with  the 
hand  shovel.  In  the  larger  foundries,  mechanical  mixers 
are  now  used.  In  Fig.  2(!  is  shown  one  type  of  mixer, 
known   as   the  propclkr   type,   which   consists   of    an   iron 
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troughs  for  holding  the  sand  and  in  which  a  revolving  pro- 
peller b  makes  a  thorough  mixture  of  the  old  and  the  new 
sand,  facings,  core  mixtures,  etc.     The  mixture  is  dumped 


4^ 

Pio.  as. 
out  by  tilting  the  trough  by  means  of  the  crank  £  and  a 
gear  that  meshes  in  the  rack  d  attached  to  the  trough  a. 
Mixers  of  this  type  are  sometimes  equipped  with  i 
sifter  of  the  form  shown  in  Fig,  21. 


1  sand 


Another  type  of  mixer  known  as  the  roller  mackine.  shown 
in  Fig.  27,  is  used  mostly  for  mixing  loam.     It  consists  of  a 
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large,  flat -bottomed,  cast-iron  bowl  a  that  is  made  to  revolve 
by  means  of  a  bevel  gear  b  attached  to  the  bottom  of  the 
bowl,  and  a  pinion  c  on  the  shaft  carrying  the  pulleys  d. 
The  side  supports  e  carry  bearings  for  a  shaft,  on  which  are 
placed  two  heavy  broad-faced  rollsy,/".  The  loam  is  put  into 
the  bowl  by  means  of  shovels,  or  a  conveyer,  and  as  the 
bowl  revolves,  the  rolls  pass  over  the  loam  and  pulverize  it. 
A  cirtlrifngal  mixer  that  depends  for  its  operation  on 
the  centrifugal  force  of  the  sand  is  shown  in  Fig.  28  {a)  and 


(#).      It  consists  of  a  disk  a  mounted  so  as  lo  be  rapidly 
•evolved  on  the  top  of  a  vertical  shaft  b  and  enclosed  in  a 
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cast-iron  case  c.  On  the  upper  surface  of  the  disk  a  series 
of  steel  pins  </ are  fixed.  The  sand  is  introduced  through 
a  hopper  c  at  the  top  to  the  center  of  the  rapidly  revolving 
disk  and  is  thrown  outwards  through  the  pins.  In  passing 
between  the  pins  the  lumps  are  pulverized  and  the  material 
thoroughly  mixed.  The  mixture  falls  from  the  bottom  of 
the  case  c  either  on  the  floor  or  into  the  trough  of  an  under- 
ground conveyer  and  is  ready  for  immediate  use  with  the 
possible  exception  of  tempering. 

25.  Sand  Temperers.  —  The  water  for  tempering 
sand  is  usually  supplied  from  a  hose  or  sprinkling  can,  and 
the  sand  tempered  by  hand.  A  mixing  machine,  shown  in 
Fig.  39,  having  a  heavy  boiler-iron  tank  similar  to  the  mixer 


shown  in  Fig.  26,  but  with  a  cover  a,  is  frequently  used  for 
this  purpose.  A  spray  of  water  is  thrown  on  the  sand 
through  a  perforated  pipe  d  while  it  is  being  mixed  by  the 
revolving  propeller  c.  A  door  </  in  the  bottom  of  the  box  is 
arranged  so  that  the  sand  may  be  withdrawn,  when  it  is 
mixed  and  tempered,  either  directly  into  a  wheelbarrow  or 
into  the  hopper  of  an  underground  conveyer. 
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26.  Sand  Elevators — After  the  molding  sand  has 
been  prepared  for  use,  it  must  be  delivered  to  the  various 
places  where  it  is  used.  This 
may  be  done  in  wheelbarrows 
or  trucks,  or  by  means  of  a 
system  of  conveyers  that  is 
placed  overhead;  if  a  conveyer 
system  is  used,  an  elevator  is 
necessary  to  raise  the  sand  to 
the  level  of  the  conveyer.  An 
underground  conveyer  delivers 
it  to  the  base  or  boot  of  the 
elevator.  One  of  the  simplest 
and  most  efficient  elevators, 
shown  in  Fig.  30,  consists  of  a 
belt  a  (leather,  rubber,  or  steel), 
carrying  buckets  i,  which  passes 
over  a  drum  £  at  the  top  and 
under  a  similar  one  at  the  bot- 
tom. Chains  are  sometimes  used 
for  this  purpose,  but  leather, 
rubber,  or  steel  bands  are  better 
able  to  withstand  the  abrasive 
action  of  the  sand.  The  work- 
ing parts  are  generally  enclosed 
in  a  wood  or  iron  case  d.  The 
buckets  of  the  elevator  deliver 
the  sand  to  the  trough  of  the 
overhead  conveyer.  The  power 
is  applied  to  a  pulley  or  gear  on 
the  shaft  of  the  upper  drum. 
About  40  feet  per  minute  is  the 
best  speed  for  a  sand-elevator 
belt.  Vertically  movable  bear- 
ings, which  may  be  adjusted  by 
"*'■  **■  means  of  the  screws  f,  are  pro- 

vided in  the  top  carriage  for  the  purpose  of  taking  up  the 
slack   in   the   belt.     The  pocket  _/"  about  the  foot  of  the 
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elevator  is  called  the  boot,  and  the  material  to  be  raised  is 
introduced  into  it  through  a  chute  ^. 

27.  A  mold  conveyer  is  an  appliance  used  in  some  of 
the  large  foundries  to  transfer  the  molds,  cores,  etc.  from 
the  benches  and  molding  machines  to  the  cupola  or  the 
casting  room,  and  to  return  the  empty  fiasks  to  the  moiders. 
With  such  a  device  it  is  possible  to  divide  the  foundry  into 
two  departments — the  molding  room  and  the  casting  room. 
This  system  applies  to  small  and  medium-sized  work,  which 
can  be  made  in  portable  molds.  For  large  work  the  molten 
iron  is  carried  to  the   molds,   necessitating   the   use  of  a 


traveling  crane,  jib  crane,  trolley,  or  truck  ladle.  In  the 
smaller  foundries,  and  in  many  larger  ones  as  well,  the  molds 
are  arranged  on  the  floor  near  the  cupola  and  the  molten 
iron  carried  to  them.  Figs.  31  and  3-i  show  one  style  of 
mold  conveyer,  which  consists  of  a  train  of  trucks  a  with 
iron  lops  connected  close  together  to  an  endless  link  belt  so 
as  to  form  a  continuous  traveling  platform.  The  belt 
travels  around  a  large  sprocket  sheave  at  each  end  of  the 
line.  The  outer  edge  of  each  truck  is  supported  by  two 
wheels  6,  b  that  are  grooved  to  fit  a  rail  c  laid  level  with 
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the  floor  and  extending  along  the  entire  conveyer  circuit 
through  the  molding  department  and  around  the  cupolas 


and  casting  platform.     The  inner  edge  of  the  top  of  each 
car  is  supported  by  grooved  wheels  (/running  on  a  T  rail  ( 
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near  the  top  of  the  cars.  Where  such  a  system  is  used,  the 
cupolas  are  located  on  a  base  raised  a  few  feet  above  the 
floor  level,  and  at  the  same  height  as  the  top  of  the  con- 
veyer, so  that  the  men  pouring  the  molds  may  easily  step 
from  the  floor  to  the  top  of  the  conveyer.  The  molders  are 
located  along  the  conveyer  in  the  molding  room; 

Molds  made  in  the  machines  g  and  on  the  floors  are 
preferably  deposited  on  the  conveyer  in  halves.  The  drags 
are  supplied  with  cores,  and  the  flasks  closed  by  the  core 
setters.  Large  molds,  especially  those  requiring  large  oi 
heavy  cores,  are  brought  to  the  casting  floor,  removed 
from  the  conveyer,  and  bedded  on  the  floor;  the  cores  that 
follow  them  on  the  conveyer  are  then  set.  Bench  molders 
and  those  using  snap  flasks  usually  set  their  own  cores, 
close  the  molds,  and  place  them  on  the  conveyer.  The 
molders  have  completed  their  part  of  the  work  when  they 
have  deposited  either  the  finished  or  open  molds  in  good 
condition  on  the  conveyer.  Jib  cranes  //  or  trolleys  wilh 
air  hoists  are  sometimes  used  to  lift  the  molds  on  and  off 
the  conveyer.  The  finished  mold  is  poured  while  on  the 
conveyer  as  soon  as  it  comes  within  convenient  reach  of 
the  casting  gang,  who  draw  the  metal  in  shank  ladles  from 
the  cupolas,  step  on  the  conveyer,  and  pour  the  iron  while 
in  motion.  In  some  cases  the  ladles  are  carried  by  means 
of  a  trolley  running  on  a  track  that  runs  over  and  parallel 
to  the  conveyer.  The  molds  are  taken  from  the  conveyer 
when  near  the  cleaning  room,  shaken  out  over  a  grating, 
which  allows  the  sand  to  fall  into  an  underground  sand  con- 
veyer, and  the  empty  flasks  are  returned  on  the  conveyer 
to  the  molder.  The  cores  are  removed  from  the  sand  and 
the  gates  knocked  off  the  castings,  which  are  taken  to  the 
cleaning  room.  For  large  work,  the  motion  of  the  con- 
veyer is  controlled  by  an  operator,  who  starts  it  forwards 
whenever  a  section  is  loaded  with  molds.  This  intermit- 
tent movement  allows  all  the  molding  operations  to  be  car- 
ried on  simultaneously.  Conveyers  of  this  type  for  small 
work  run  continuously,  the  molds  being  put  on  while  it  is 
ia  motion.     Sand  for  the  molding  machines  g.  Fig.  33,  is 
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brought  by  a  conveyer  e  to  the  hoppers  /,  the  conveyer  e 
being  like  the  one  illustrated  in  Fig.  19. 

28.  Another  form  of  conveyer,  shown  in  Fig.  33.  con- 
sists of  two  endless  steel  bands  a,  a  passing  over  large  pul- 
leys at  the  terminals  and  supported  throughout  their  length 
on  a  steel  framework  b  that  carries  rollers  c  at  short  inter- 
vals at  about  the  floor  level.     The  upper  bands  carry  the 


Pio,  ss. 

molds  to  the  casting  room,  where  they  are  removed  to  the 
floor  and  the  flasks  completed  for  pouring.  After  shaking 
out,  the  empty  flasks  are  returned  on  iJie  lower  bands  of  the 
conveyer,  which  run  in  a  pit  under  the  upper  bands  a,  to 
the  molding  department.  The  illustration  shows  the  con- 
veyer loaded  with  cores  for  railway-car  journal-boxes.  Con- 
veyers of  this  type  are  preferably  located  centrally  in  tlie 
building,  with  the  molding  machines  arranged  in  line  along 
both  sides.  By  leaving  a  passageway  from  the  conveyer  to 
the  rear  of  the  machines,  the  floor  and  bench  molders  are 
enabled  to  deposit  tlieir  finished  work  on  the  conveyer  and 
receive  cores  and  empty  flasks  from  it.  In  some  cases  it  is 
desirable  to  arrange  the  machines  and  the  benches  at  right 
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angles  to  the  conveyer,  or  in  various  other  ways  to  best  suit 
the  existing  conditions. 

29.    ChargloB-Floor  Elevators. — The  elevators  used 
to  deliver  the  iron,  coke,  and  other  materials  from  the  ground 


to  the  cupola  charging  platform  are  operated  either  by 
belts,  hydraulic  cylinders,  compressed  air,  or  electric  motors. 
Their  speed  is  from  CO  to  bO  feet  per  minute.     The  platform 
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should  be  large  enough  to  accommodate  one  or  more  cars 
used  for  hauhng  the  materials.  It  is  an  advantage  in  some 
cases  to  use  double  elevators.  A  single  elevator  must  be 
balanced  by  counter  weights,  while  double  elevators  balance 
each  other  and  give  double  service  with  only  a  little  more 
power  than  is  required  by  the  single  one.     The  old  style  of 


~«rrri 


drum  hoist,  shown  in  Fig.  34,  is  extensively  used.  The  cage 
consists  of  an  open  platform  a,  uprights  _/',  braces  b,  and  a 
cross-tree  c,  to  which  the  cable  d  is  attached.  The  cage 
works  between  guides  on  each  side.  The  cable  d  passes 
over  a  large  sheave  at  the  top  of  the  tower  and  returns  to 
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the  winding  drum  c,  which  is  fastened  by  suitable  bearings 
and  base  frame  to  the  overhead  joists.  A  worm  in  the 
case /on  the  shaft  supporting  the  pulley  ^,  drives  the  worm- 
gear  in  the  case  //,  which  is  rigidly  attached  to  the  drum 
shaft.  The  safety  catch  /'  holds  the  drum  and  the  load  in 
any  desired  position  when  the  driving  power  is  shut  off. 


The  belt  runs  continuously,  and  to  start  the  elevator  it  is 
necessary  to  shift,  the  belt  from  the  loose  pulley  i  to  the 
tight  pulley  /.  This  is  done  from  above  by  pulling  the 
rope  »«,  attached  to  the  shifting  mechanism  k,  o,  and/,  or 
from  below  by  the  handle  q.  Electric  motors  are  often 
used  to  operate  this  style  of  elevator,  the  motor  being  con- 
nected directly  to  the  screw  gear. 
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The  same  general  form  of  cage  is  also  operated  by  a 
hydraulic  cylinder  a,  as  shown  in  Fig.  35.  The  piston  rod  d 
carries  a  pulley  c  that  engages  a  loop  of  the  chain  or  cable  (/ 
passing  from  the  eyebolt  e  to  the  cross-tree  /of  the  cage. 
With  a  single  sheave  on  the  piston  rod,  the  lift  and  speed  of 
the  cage  is  double  that  of  the  piston.  Any  desired  ratio  of 
speeds  can  be  secured  by  using  sheaves  at  c  and  e  with  a  suit- 
able number  of  grooves.  This  form  of  elevator  is  generally 
used  for  high-speed  work. 

Hydraulic  elevators  are  also  so  arranged  that  the  plat- 
form a,  as  shown  in  Fig.  36,  is  placed  directly  on  the  end  of 
a  plunger  ^,  which  works  in  a  hydraulic  cylinder  c.  The 
load  is  lifted  by  forcing  water  into  the  cylinder  under  the 
plunger,  and  is  lowered  by  its  own  weight  when  water  is 
discharged.  This  style  of  elevator  is  used  for  heavy  service. 
Its  speed  depends  on  the  rate  the  water  fills  or  empties  the 
cylinder  c. 

30.  Pig  Breakers. — When  full-sized  pigs  are  used  in 
making  up  the  cupola  charges,  there  is  danger  of  injuring 
the  lining,  disturbing  the  coke  bed,  and  making  unsatisfac- 
tory open  piling;  they  are  also  inconvenient  to  handle. 
Hence  it  is  common  practice  to  break  ihem  into  two  or  more 
[lieces.  This  is  usually  done  by  hand  with  a  heavy  sledge. 
Some  founders,  however,  employ  hydraulic  or  belt-driven 
pl(j  breakers  that  give  good  service.  Sandless  pig  is  often 
small  and' requires  no  breaking, 

31.  Economical   Production. — The  purpose  of  the 

use  of  labor-saving  appliances  in  a  foundry  is  to  produce 
castings  at  a  lower  cost.  But  to  secure  the  greatest  bene- 
fits from  such  appliances,  there  must  be  not  only  a  careful 
selection  of  each,  both  in  kind  and  number,  but  also  a  sys- 
tematic arrangement  of  the  whole  plant  so  that  each  appli- 
ance may  operate  to  its  fullest  capacity  on  the  particular 
line  of  work  for  which  it  is  designed.  In  the  larger  foun- 
dries the  greatest  subdivision  of  tl\e  various  operations  is 
most  necessary.  Tlic  economical  manufacture  of  castings 
is  best  accomplished  by  using  all  the  appliances  in  unison 


^aovGoOt^lc 


g  49  FOUNDRY   APPLIANCES.  4ft 

and  assigning  to  each  employe  distinct  and  limited  opera- 
tions to  perform;  that  is,  a  molder  should  do  molding  exclu- 
sively, one  set  of  men  should  set  cores,  another  close  flasks, 
and  other  men  should  shake  out  and  remove  castings,  a 
carpenter  should  repair  flasks,  and  so  on  with  all  the  foun- 
dry operations.  The  flasks,  sand,  cores,  and  ail  materials 
should  be  brought  to  the  molder.  The  molten  iron  may  be 
brought  to  the  flasks  or  the  flasks  taken  within  easy  reach 
of  the  casting  gang.  No  employe  should  have  cause  for 
leaving  the  immediate  work  in  hand,  or  for  using  the  tools 
of  another,  and  the  arrangement  should  be  such  that  each 
man  is  required  to  do  his  share.  The  employes  should  have 
short  hours  and  good  wages  and  be  required  to  perform  the 
least  amount  of  unnecessary  labor,  but,  on  the  other  hantl, 
they  should  be  required  to  turn  out  the  greatest  possible 
amount  of  good  work  during  the  working  hours.  The 
molder  should  make  the  best  use  of  his  manual  skill  and 
intelligence  in  performing  the  work  assigned  to  him,  and  the 
foreman  und  superintendent  should  carefully  plan  and  direct 
the  work 
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SMALL  MACHINES  AND  APPARATUS. 


FLASKS,    CORE  ROOMS,    AND    CLEANING 
OUTFITS. 


1.  Flasks  are  the  most  important  appliances  used  in 
molding  operations.  They  vary  in  size  according  to  the 
class  of  work  to  be  made,  and  should  be  selected  so  that 
the  use  of  the  smallest  quantity  of  molding  sand  will  produce 
good  castings,  but  at  the  same  time  large  enough  to  prevent 
the  loss  of  castings  on  account  of  an  insufficient  body  of 
sand  to  hold  the  metal  in  place.  Flasks  should  be  made  as 
light  in  weight  as  possible  without  impairing  their  strength 
and  stiffness,  so  as  to  be  easily  and  cheaply  handled.  Nearly 
all  foundries  confine  their  operations  to  the  production  of 
castings  of  one  class,  or  at  most  to  only  a  few  classes.  Job- 
bing foundries  are  at  a  disadvantage  in  this  respect,  as  they 
are  compelled  to  keep  a  large  assortment  of  flasks.  Specialty 
foundries  have  the  best  opportunity  to  cut  down  the  variety 
of  fiasks  to  a  minimum. 

§60 
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2.  Large  W^ooden  Flasks. — Fig.  1  {a)  shows  a  flask  for 
heavy  work.     It  is  made  of  thick  lumber,  the  side  pieces  a 

being  grooved  to 
receive  the  ends  of 
the  end  pieces  ^, 
and  the  parts  are 
held  securely  lo- 
I  gether  by  means  of 
bolts  c  with  nuts  and 
washers  il  Trun- 
nions f  are  provided 
(at  at  the  ends  of  heavy 

flasks  so  that  they 
may  be  raised  or 
turned  by  means  of 
hoists.  In  Fig.  1  {&) 
is  shown  a  wooden 
^  flask    designed    for 

work  of  medium 
weight.  The  sides  n 
have  extensions  6,  b, 
which  serve  as 
***  handles  by  means  of 

"*■  ^'  which  the  flasks  may 

be  lifted  and  turned  over  by  hand.  The  sides  are  fastened 
to  the  ends  c  by  means  of  lagscrews  d  and  washers.  A 
strip  of  wood  e,  fastened  to  the  drag,  slides  between  the 
strips  f,  f,  fastened  to  the  cope,  which  serve  to  keep  the 
two.  parts  of  the  flask  square  with  each  other.  Heavy 
wooden  flasks  may  also  be  strengthened  by  corner  blocks  ;. 
Wooden  flasks  are  made  of  pine,  white  wood,  hemlock,  or 
chestnut  lumber* 

3.  Large  Iron  Flasks. — In  steel  foundries  where  the 
molds  are  submitted  before  pouring  to  a  drying  process  in^ 
an  oven,  the  flasks  must  be  made  of  iron,  as  shown  in  Fig.  'i. 
The  ends  and  sides  of  this  flask  consist  of  melal  plates  a  of 
medium  thickness  recuforced  by  ribs  b  on  the  outside.    The 
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bottom  board  c  is  held  to  the  flask  by  means  of  U-shaped 
clamps  d  and  wedges.     Either  cast  iron,  wrought  iron,  or 
steel  is  used  in  the 
construction  of  this 
style  of  tlaskR,  and 
the  sides   and  ends 
are  either  bolted  or 
riveted   together. 
Steel  flasks  for  large 
work  are  sometimes 
made  so  that  they 
can   readily   be    in- 
creased or  decreased  **' 
in  size  so  as  to  accommodate  work  of  different  sizes.     This 
is  done  by  making  both  the  sides  and  ends  of  the  flasks  of 
two  pieces  that  overlap  and  are  provided  with  a  series  of 
holes  so  that  they  may  be  bolted  together  to  make  up  differ- 
ent sizes. 

4.     While  large  castings  are  usually  molded  in  loam,  the 

disadvantages  of  this  method  as  compared  with  dry-sand 
molding  in  flasks  are  thought  by  some  founders  to  outweigh 
the  advantages,  and  they  have  adopted  the  latter  method. 
The  first  cost  of  making  a  large  iron  flask  with  all  the 
necessary  appliances  for  dry-sand  molding  is  much  greater 
than  that  for  the  preparation,  materials,  and  appliances  for 
molding  the  casting  in  loam,  but  when  a  number  of  the 
castings  is  required,  the  lower  first  cost  of  the  loam-molding 
equipment  is  offset  by  the  lower  cost  of  the  dry-sand  mold 
when  once  the  necessary  appliances  are  provided,  and  hence 
if  a  large  number  of  heavy  castings  from  a  given  pattern 
is  required,  it  is  generally  cheaper  to  use  dry-sand  molds. 
The  cleanliness  of  the  molding  floor  and  the  economy  of 
time  and  floor  space  are  also  in  favor  of  the  molding  in 
flasks.  The  relative  prices  of  sweeps  and  patterns  used  in 
both  methods  will  depend  on  the  form  of  the  casting. 

In  Fig.  3  is  shown  an  iron  flask  for  molding  the  43-ton 
engine  bedplate,  shown  in  Fig.  4 ;  the  side  and  end  elevations 
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of  the  flask  and  the  method  of  fastening  the  cross-bars  are 
shown  in  Fig.  5  (rt),  (i),  and  (c).  and  the  longitudinal  and 
transverse  sections  and  plan  of  the  mold  in  Fig.  5  ((/),  (e), 
and  (y).    The  bedplate  is  molded  upside  down,  as  shown  by 


na.1; 

the  pattern  a,  Fig.  S  {ei)  and  (e),  because  the  smoothest  and 
best  side  of  a  casting  is  that  at  the  bottom  of  the  mold,  and 
in  this  case  all  the  machined  surfaces  are  on  the  top  of  the 
bedplate.  The  sides  and  ends  of  the  flask  are  cast-iron 
plates  reenforced  by  heavy 
rihsi,  and  fastened  together 
,  by  means  of  bolts  running 
I  through  the  flanges  c  along 
'  the  edges  and  across  the 
ends,  as  shown  in  Fig.  3  and 
Fi&-  5  {«),  (*),  {f),  {^),  (f), 
and  (/).  It  is  very  important  that  in  the  construction  of 
large  flasks,  which  are  lifted  by  means  of  trunnions  d.  Fig.  3, 
that  the  plates  he  made  very  stiff,  and  that  the  corners  be 
flanged  and  bolted  so  that  they  will  not  be  distorted  when 
the  flask  is  lifted.  Any  distortion  of  the  corners  or  plates 
will  cause  the  sand  to  spread  and  injure  the  mold. 
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The  drag  i.  Fig.  6  {a),  has  an  extension /"  on  the  bottom 
and  is  placed  in  a  pit  about  7  feet  deep.  The  foundation  for 
the  drag  consists  of  18  steel  I  beams  resting  on  two  cast-iron 
bearing  bars  6  inches  square,  which  extend  lengthwise  at  the 
sides  of  the  flask.  The  bottom  of  the  flask  is  made  of  J-inch 
steel  plates  laid  on  the  I  beams.  A  bed  of  coke  g.  Fig.  5  {d) 
and  (f),  about  10  inches  deep,  is  spread  on  the  bottom  and 
vented  by  a  number  of  4-inch  wrought-iron  pipes  extending 
through  the  sides  of  the  drag  and  brought  to, the  surface  of 
the  foundry  floor  by  the  risers  h,  shown  in  Fig.  3 ;  the  caps  i 
on  top  of  the  risers  are  used  to  prevent  sand  from  enter- 
ing the  pipes,  and  are  removed  when  the  mold  is  being 
poured. 

The  lower  portion /of  the  drag  is  8  ft.  11  in.  x  9  ft.  5  in. 
X  32}  in,,  and  the  larger  part  e  is  17  ft.  4  in.  x  21  ft.  IJ  in. 
X  4  ft.  8  in.  The  cope  is  in  two  pieces/ and  k,  Fig.  5  {a), 
united  by  a  diagonal  joint  /.  A  tapered  dry-sand  core  m. 
Fig,  5  {d),  is  used  to  close  the  mold  after  the  two  parts  of 
the  cope  are  in  place,  the  opening  serving  for  an  entrance 
for  a  molder  to  inspect  the  mold  before  it  is  finally  bolted 
together.  The  core  arbor  for  holding  the  core  m  is  shown 
at  s,  Fig.  5  {/), 

The  cross-bars  n,  Fig.  6  {c)  and  (*/),  are  of  cast  iron  and 
are  fastened  to  the  sides  of  the  cope  by  means  of  bolts 
through  flanges  o  at  each  end  of  the  bars  and  slots/  in  the 
cope,  the  slots  permitting  lateral  adjustment  of  the  bars. 
The  cross-bars  are  elevated  in  a  portion  of  the  cope,  as 
shown  at  q,  to  allow  room  for  the  extension  of  the  core  r. 
The  estimated  weight  of  this  cope  when  rammed  with  sand 
is  60  tons,  but  it  is  necessary  to  bind  the  parts  of  the  flask 
securely  together  to  prevent  the  molten  metal  from  lifting 
the  cope.  A  series  of  steel  I  beams  t.  Fig.  3,  are  placed 
across  the  top  of  the  fiask.  The  lower  ones  run  lengthwise 
of  the  cope,  and  are  supported  on  a  row  of  angle  bars  u, 
which  elevate  the  I  beams  above  the  projection  q.  Fig.  5  {e), 
of  the  mold.  The  ends  of  the  top  beams  extend  over  the 
sides  of  the  mold  and  are  fastened  to  the  two  6"  X  6"  cast- 
iron  bars  in  the  foundation  by  means  of  heavy  iron  loops  v 
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and  rods  w.  Fig.  3,  the  tension  being  regulated  by  means  of 
turnbuckles  x  in  the  rods. 

5.  Flask  Pins. — In  order  to  hold  the  two  parts  of  a 
flask  together  and  to  have  them  accurately  match  each  other, 
it  is  necessary  to  fit  one  part  with  two  or  more  [uns  and  the 
other  with  sockets  to  correspond  with  the  pins.  Flask  pins 
are  made  of  round,  square,  triangular,  or  diamond-shaped 
cross-sections.  Any  of  these  forms  is  satisfactory  pro- 
vided the  pin  is  well  made  and  carefully  fitted.     They  are 


made  of  cast  iron,  malleable  iron,  brass,  or  steel,  and  in 
some  cases  deep  wooden  flasks  have  stripfof  wood  of  the 
form  shown  at  e  and  /,  Fig,  1  (b),  in  place  of  pins.  Strips 
of  this  form  are  sometimes  placed  on  deep  flasks  in  addition 
to  the  regular  style  of  pins.  Fig.  6  {a)  shows  a  solid  pin, 
{b)  an  adjustable  one,  and  (c)  a  steel  pin.  The  flask  pin 
shown  at  a  and  in  vertical  section  at  a'.  Fig,  6  («).  is  cast 
solid  with  the  lug  b  and  the  plate  that  is  fastened  to  the 
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drag  by  means  of  the  screws  £.  The  pin  is  tapered  so  as  to 
easily  enter  the  hole  in  the  Uig  ^on  the  cope.  The  adjoin- 
ing faces  e,  e  of  the  lugs  should  not  meet  when  the  flask  is 
closed,  but  should  be  from  J  to  J  inch  apart;  otherwise,  the 
sand  that  accumulates  on  the  lower  lug  while  molding  will 
prevent  a  close  fit  between  the  cope  and  drag. 

Small  iron  flasks,  especially  those  used  on  molding 
machines,  require  pins  that  fit  very  accurately.  One  form 
of  pin  suitable  for  this  style  of  flask  is  shown  in  Fig.  6  (f)- 
These  pins  are  made  of  steel;  they  are  from  3  to  4  inches  in 
length  over  all,  and  all  the  parts  are  machined.  The  pin 
has  a  tapered  portion  a  at  one  end  to  facilitate  its  entrance 
into  the  hole  in  the  lug  on  the  cope,  and  a  cylindrical  part  b 
that  accurately  fits  the  hole.  The  pin  is  fastened  into  a  hole 
in  the  lug  on  the  drag  by  means  of  a  nut  on  the  threaded 
end  of  the  pin  that  clamps  the  lug  against  a  shoulder  c  on 
the  pin. 

B.  Rectangular  iron  flasks  usually  have  four  pins,  one 
near  each  corner,  and  round  flasks,  three  pins.  Where  flasks 
are  not  interchangeable,  the  pins  are  frequently  made  adjust- 
able, so  that  when  the  flasks  become  sprung  or  bent  out  of 
shape  from  use  the  pins  can  be  made  to  fit  accurately.  As 
a  rule,  only  small  flasks  can  be  made  interchangeable  on 
account  of  the  fact  that  the  different  parts  of  large  flasks 
become  sprung  so  that  the  pins  will  not  tit.  Fig.  6  (b)  shows 
an  adjustable  pin  that  has  the  socket  on  the  cope  made  in 
two  parts  d  and  e  that  are  fastened  together  by  means  of 
two  screws  /.  The  movable  plate  e  is  adjusted  under  the 
upper  plate  by  means  of  a  screw  g.  so  as  to  make  a  snug  fit 
between  the  pin  a  on  the  piece  c  and  a  vertical  V-shaped  pro- 
jection 1  on  the  edge  of  the  movable  plate  e.  The  plate  e  is 
guided  by  two  grooves  //  that  fit  corresponding  projections 
in  the  stationary  part  d. 

An  adjustable  pin  for  flasks  for  floor  molding  is  shown  in 
Fig.  6  (</).  The  pin  a  is  fastened  to  the  drag  by  means  of 
three  screws.  The  socket  on  the  cope  is  made  in  two  pieces  b 
and  c  fastened  together  by  means  of  a  |-inch  bolt  d,  through 
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a  slot  *  in  the  movable  part  b,  and  permits  the  latter  to  be 
adjusted  so  that  when  the  cope  and  drag  are  put  together, 
the  pins  a  fit  into  the  V-shaped  groove  in  the  edge  of  the 
adjustable  part  b  of  the  socket,  freely,  yet  without  any 
unnecessary  lost  motion. 

7.  Cros»-Bara. — Cross-bars  are  frequently  introduced 
into  the  cope  portion  of  a  flask  to  support  the  sand.  The 
cross-bars  k,  shown  in  Fig.  1  {b)  and  at  a.  Fig.  7  {a)  and  (*), 
are  preferably  made  removable  to  facilitate  the  adaptation 
of  the  same  flask  to  different  patterns.  The  wooden  cross- 
bars are  generally  made  tapering  toward  the  bottom  g. 
Fig.  7  {b),  and  a  part  of  each  bar  is  usually  cut  away  from 
the  lower  side,  as  shown  at_;'.  Fig,  7  {a),  so  as  to  conform  to 
the  shape  of  the  patterns  to  be  molded.  It  is  an  advantage 
to  make  cross-bars  of  cast  iron  if  they  are  to  be  used  for 
standard  work,  as  they  are  inexpensive,  strong,  and  service- 
able. If  made  of  cast  iron,  they  are  preferably  provided 
at  each  end  with  a  flange  b.  Fig,  7  {a),  by  means  of  which 
they  are  bolted  to  the  sides  c  of  the  flask,  and  should  be  pro- 
vided with  either  holes  or  projecting  pins  to  assist  in  sup- 
porting the  molding  sand.  In  order  that  gaggers  d,  d. 
Fig.  7  {a)  and  (*),  may  be  used  safely  and  conveniently,  the 
top  edge  of  the  cross-bars  should  stand  about  1  inch  or  more 
below  the  top  edge  of  the  flask,  so  that  when  one  end  is 
hung  over  the  cross-bars  it  will  not  project  beyond  the  top 
surface  of  the  mold. 

8.  When  long  cast-iron  cross-bars  are  used,  they  must 
be  supported  by  cross-braces  to  prevent  them  springing  side- 
wise  out  of  a  straight  line  when  the  sand  in  the  flask  is  being 
rammed.  Cast-iron  cross-bars  are  also  put  closer  together 
than  wooden  ones.  In  Fig.  7  {c)  and  (d')  are  shown  two 
methods  of  bracing  cast-iron  cross-bars.  The  cheaper  and 
easier  method  is  to  drive  wooden  blocks  (  between  the  cross- 
bars A,  as  shown  in  Fig.  7  (c),  using  one  or  more  rows  of 
blocks,  depending  on  the  length  of  the  cross-bars  h.  The 
blocks  are  placed  between  the  bars,  as  shown  at  k.  Fig.  7  (^), 
and  then  driven  so  as  to  stand  square,  as  shown  at  i.     The 
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tendency  of  the  wood  braces  is  to  bulge  the  ends  of  the  flask. 
The  ramming  of  the  sand  also  bulges  the  ends  of  the  flask 
and  tends  to  loosen  the  braces.  The  better  method  to  brace 
the  cross-bars  is  to  use  cast-iron  pieces  /,  which  are  bolted 
to  the  cross-bars  //  and  to  the  ends  of  the  flask  e  and  f,  as 
shown  in  Fig.  7  (rf);  these  iron  pieces  act  both  as  braces 
and  ties.  The  bolts  m  pass  through  holes  in  the  flanges  of 
the  braces  and  slots  in  the  cross-bars,  the  slots  permitting  a 
lateral  adjustment  of  the  braces. 

9.  Small  Iron  Flasks. —  Jobbing  foundries,  almost 
without  exception,  use  wooden  flasks  exclusively,  while 
specialty  and  brass  foundries  generally  use  iron  flasks.    Iron 


flasks  give  better  satisfaction  than  wooden  ones;  they  have 
a  longer  life,  are  stiffer,  do  not  burn,  and  are  safe  and 
convenient  to  handle.  They  are  specially  designed  toobtain 
strength  and  light  weight;  standard  sizes  are  from  12 
to  60  inches  in  length  and  from  4  to  16  inches  in  total  depth. 
For  the  purfwse  of  holding  the  sand  in  the  flasks,  the  interior 
edges  are  provided  with  horizontal  r.ibs  at  the  top,  bottom, 
and  parting  lines,  as  shown  at  a,  Fig.  8  (a),  and  sometimes. 
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in  addition  to  these  with  double- beveled  ribs  a  and  perpen- 
dicular ribs  b.  Fig.  8  (b)  and  (d ),  or  with  another  form  known 
as  a  porcupine  spine,  shown  at  a.  Fig,  8  (c).  Fig.  8  (o^) 
illustrates  a  circular  iron  flask  with  double-beveled  ribs <i  and 
vertical  ribs  b.  The 
round  flasks  have 
three  pins  and  the 
others  four,  two  on 
each  side.  Many  of 
the  best  iron  flasks 
are  fitted  with  steel 
pins.  Flasks  used  on 
molding  machines 
should  always  be 
made  of  iron  and 
have  good  fitting 
and  interchangeable 
pins,  so  that  the  cope 
of  one  flask  can  be 
'  used  with  the  drag 
of  another  flask  of 
the  same  dimensions. 
Iron  flasks  generally 
have  lugs  c,  shown  in 
Fig.  8  (*),  (<r).  and 
{d),  for  handles. 

lO.  Snap  Flasks. 

It  is  often  desirable 
in  molding  small  cast- 
i  n  g  s  to  have  flasks 
that  can  be  removed 
from  the  molds. 
Flasks  for  this  pur- 
•*  pose  are  called  ttnap 

'"*■  •■  flasks,  and  are  con- 

structed as  shown  in'  Fig.  9  {a),  {b),  and  (ir),  with  clasps 
at  a  and  hinges  at  b,  so  they  can  be  opened  and  removed 
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from  the  mold.  The  inside  faces  are  usually  grooved  as 
shown  at  c,  to  assist  in  molding  the  sand  while  removing 
the  flasks.  The  flasks  are  sometimes  made  with  a  taper, 
being  larger  at  the  bottom  than  at  the  top,  so  as  to  facilitate 
the  application  of  slip  boxes  over  the  molds  after  the  flasks 
have  been  removed.  Snap  flasks  are  made  of  white  wood,  or 
selected  cherry,  well  saturated  with  boiled  linseed  oil,  and 
are  rectangular,  square,  or  round,  as  shown  in  Fig.  ^  (a), 
{d),  and  (c).  The  parting  line  is  sometimes  of  special  form, 
as  shown  at  d.  Fig.  9  (i>),  to  conform  to  that  of  the  patterns. 
The  flasks  should  be  light  and  strong  with  the  corners  iron- 
bound,  as  shown  at  e,  e.  Fig.  9  {a)  and  ( ^ ).  The  clasps  are 
made  of  malleable  iron,  and  should  be  quick  acting  and 
good  fitting. 

Standard  sizes  of  snap  flasks  vary  from  ft  to  13  inches  in 
width  by  10  to  30  inches  in  length,  and  the  copes  and  drags 
vary  from  3  to  6  inches  in  depth. 

11,  Nests  of  Flasks. — Iron  flasks  if  constructed  so  as 
to  be  fastened  together  by  means  of  hooks  and  pins,  as  shown 


in  Fig.  10  (rt),  are  used  in  nests  for  multiple  molding.     With 
this  style  of  flask  each  section  forms  the  cope  for  one  mold 
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and  the  drag  for  the  section  immediately  above  it.  The 
molds  are  made  in  machines  that  form  a  half  mold  on  each 
side.  By  placing  them  on  top  of  one  another,  they  form  a 
complete  mold  between  each  pair  of  sections.  Each  section 
has  a  sprue,  except  the  bottom  one.  This  method  of  mold- 
ing saves  time,  sand,  and  space,  and  it  can  be  applied  to  t^le 
rougher  class  of  work  for  articles  of  simple  designs  and 
uniform  cross-section,  such  as  sash  weights,  washers,  pipe 
flanges,  stove  lids,  etc.  Nest  molding  is  also  done  in  snap 
flasks,  the  molds  being  piled  on  top  of  one  another  and  the 
flasks  removed.  A  nest  of  sash  weights  that  has  been  made 
in  this  manner  is  shown  in  Fig.  10  (i). 

1 2.  Ioterclian)[eable  Knoclc-Dovrn  Plaaks. — Inter- 
changeable knock-down  flasks  consist  of  four  independent 
pieces  Interlocked  when  put  together  by  means  of  grooves 
and  tongues  and  quick-acting  clamps.  The  flasks  should  be 
taken  apart  when  not  in  use,  as  in  this  condition  they  occupy 
but  little  space,  and  they  can  be  conveniently  stored  in  bins 
or  on  shelves  in  the  foundry.  They  are  easily  assembled, 
quickly  changed  from  one  size  to  another,  and  permit  a  large 
variety  of  different  sizes  to  be  selected  from  a  comparatively 
small  number  of  parts. 

13.  Mold  and  Bottom  Boards. — Mold  and  bottom 
boards  form  a  necessary  part  of  the  equipment  of  foundries. 
They  should  conform  in  size  to  the  sizes  of  the  flasks.  Each 
molder  requires  at  least  one  mold  board  and  as  many  bottom 
boards  as  he  produces  dasks  in  one  day.  The  mold  boards 
are  usually  made  of  pine;  the  better  grades  have  hard-wood 
strips  fastened  across  their  ends  by  means  of  grooves  and 
tongues.  The  bottom  boards  are  made  of  hemlock  or  pine 
and  have  two  or  more  strips  fastened  across  one  side,  for  the 
purpose  of  stiffening  and  holding  the  single  boards  together 
and  facilitating  their  handling.  Mold  boards  can  be  made  of 
light  materials,  but  bottom  boards  must  be  made  strong  and 
the  large  ones  should  be  from  Z^  to  3  Inches  thick.  Mold 
boards  are  used  during  the  process  of  molding  only;  bottom 
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boards  are  clamped  to  the  flasks  and  remain  under  them 
until  the  molds  have  been  poured  off  and  shaken  out.  Both 
should  be  kept  in  good  condition,  as  it  is  very  important 
that  neither  of  them  become  twisted  or  warped. 


CORB  ROOMS. 

14.     Core-Room  Arrangement. — The  core  rooms  of 
jobbing  foundries  are  generally  much  neglected  places.    Core 


making  is  frequently  done  in  rooms  that  are  poorly  lighted, 
overcrowded,  and  with  very  inferior  equipment.  In  large 
foundries,  and  especially  in  those  making  specialties,  the 
conditions  are  usually  different.  The  importance  of  having 
good  cores  is  here  generally  more  fully  recognized,  as  it  is 
well  known  that  poor  cores  are  a  source  of  considerable  loss 
in  molding.  Items  that  may  be  small  in  small  shops  become 
fi3B— 8 
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large  in  large  shops,  and  systematic  economy  and  the  cur- 
tailment of  unnecessary  expenses  are  absolutely  necessary  to 
financial  success.  In  Fig.  11  is  shown  the  arrangement  of  a 
core  room.  It  should,  however,  be  understood  that  the 
general  arrangement  as  well  as  the  details  depend  entirely 
on  existing  conditions,  and  it  is  not  expected  that  the  equip- 
ment of  any  two  rooms  will  be  exactly  alike.  The  core 
room  is  either  a  part  of  the  foundry  building  or  an  annex  to  . 
it.  Hence,  in  a  modern  plant  it  has  substantial  brick  walls, 
as  shown  at  a.  Fig.  11,  with  a  good  supply  of  light  through 
Urge  side  windows  b  around  three  sides  of  the  room.  The 
room  should  have  plenty  of  overhead  air  space  and  be 
equipped  with  some  standard  heating  and  ventilating  system. 
It  should  have  plenty  of  floor  room  for  all  the  machines, 
benches,  ovens,  racks,  etc.,  also  an  office  for  the  foreman. 
Core  rooms  in  foundries  making  extra  large  work  are 
equipped  with  overhead  traveling  cranes,  jib  cranes,  or 
both. 

1 5.  Core  Benches. — The  core  makers'  benches  shown 
at  c,  Pig.  11,  are  arranged  along  the  walls  in  front  of  the 
windows,  so  as  to  have  an  abundance  of  light.  Such 
benches  should  be  substantially  built,  and  have  shelves  and 
bins  for  core  rods  and  wires,  and  drawers  for  tools  and 
brushes.  The  top  of  the  bench  should  be  large  enough  to 
hold  a  liberal  quantity  of  core  sand,  and  be  fitted  with  a 
planed  cast-iron  plate.  The  core  sand  may  be  delivered 
through  chutes  n,  which  terminate  about  1  foot  or  18  inches 
above  the  benches.  Irregular  cores  are  mostly  made  by 
hand  in  special  core  boxes  of  wood  or  metai.  The  latter  are 
preferable  when  large  numbers  of  cores  are  required,  as 
they  will  keep  smoother  than  the  wood  boxes  and  are  not  so 
liable  to  get  out  of  shape. 

1 6.  Core-Box  Vise. — In  Fig.  \%  Is  shown  an  adjustable 

quick-acting  vise  or  clamp  for  holding  core  boxes  while  the 
cores  are  being  made.  It  is  secured  to  the  core-maker's 
bench  c\  two  adjustable  clamp  screws  b  held  in  two  movable 
arms  </grip  the  core  box  a.      Attached  to  the  slide  ^  is  the 
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needle  /,  which  is  used  to  vent  the  core  i.     The  needle  is 

withdrawn  from  the 

center  of   the  core  i 

by    moving    the 

slide  g  by   means  of 

the    handle  /.     The 

clamp   screws    move 

outwards  and  release 

the  core  box  when  the 

pressure    is    relieved 

from  the  foot-lever  /. 

17.   Core  Racks. 

A  core  room  should 
have  conveniently 
located  racks,  shown 
at  (fe,   Fig.   11,  with 

ample  storage  capac-  ,*■  ** 

ity,  equally  accessible  to  the  core  makers  and  the  oven 
tenders.  They  are  preferably  arranged  between  the  core 
benches  i^  and  the  ovens  iv,  with  a  wide  passageway  on  both 
sides.  These  racks  consist  of  a  series  of  open  and  narrow 
shelves  that  permit  the  cores  deposited  on  one  side  by  the 
makers  to  be  reached  by  the  men  charging  the  ovens  on  the 
other  side.  This  transfer  shelf  should  be  of  the  same  height 
as  the  benches.  The  lower  shelves  serve  for  empty  core 
plates,  and  the  upper  ones  for  finished  cores.  The  racks 
should  have  passageways  v  between  them  at  intervals,  to 
allow  free  communication  between  the  benches  and  ovens. 

18.  Core  Plates. — The  cores  are  placed  on  iron  plates 
and  deposited  in  an  oven  to  be  dried  and  baked.  These  core 
plates  should  have  a  true  planed  surface.  If  warped  plates 
are  used  for  drying  the  halves  of  pasted  cores,  it  will  be 
found  necessary  to  rub  the  faces  of  the  cores  together  until 
they  make  a  good  joint.  But  this  practice  is  not  to  be 
recommended,  as  it  will  be  found  that  such  cores  are  usually 
out  of  shape  and  not  true  to  size,  and  consequently  will  not 
produce  satisfactory  castings.     Core  plates  should  be  drilled 
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with  small  holes  countersunk  on  the  lower  side.  These  will 
aid  both  in  the  ventilating  and  drying,  and  decrease  the 
weight  of  the  plates.  Cores  of  irregular  shapes  are  prefer- 
ably placed  on  drying  plates  with  outlines  of  the  same 
shapes  as  the  base  of  the  cores,  as  this  will  insure  true  cores. 

19.     Core   Ovens. — Ovens    for   drying  cores  may   be 
either  portable  or  stationary,  and  consist  of  iron  or  brick 


rooms  provided  with  racks  and  shelves,  or  tracks,  and  they 
should  be  arranged  so  as  to  be  he:ited  as  easily  as  possible  at 
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an  evenly  distributed  and  constant  temperature.  Ovens 
are  fired  with  any  of  the  ordinary  fuels,  but  either  gas  or 
coke  is  preferable.  A  small  portable  oven  is  shown  in 
Fig.  13  {a).  It  has  shelves  a  fastened  to  the  back  of  hinged 
doors  d.  The  shelves  are  cast-iron  gratings  that  allow  a 
free  circulation  of  the  heat  about  the  cores  e  that  are  on 
plates  d  in  the  oven.  A  baffle  plate  c,  supporting  the  shelf 
and  fastened  to  the  door  at  right  angles  to  it,  serves  to  close 
the  opening  and  prevent  the  loss  of  heat  when  the  door  is 
wide  open.  In  another  form  of  oven  the  shelf  is  hinged  at 
the  middle,  as  shown  in  Fig.  13  (d),  and  the  door  itself 
serves  as  the  baffle  plate  and  closes  the  opening  when  turned 
through  a  half  circle  from  its  original  closed  position.  The 
hinged  form  of  shelf  is  desirable,  as  it  can  be  brought  into  a 
convenient  position  to  receive  the  cores  or  to  remove  them 
from  it.  The  body  of  such  ovens  is  usually  of  sheet  iron 
made  double,  the  space  between  the  inner  and  outer  walls 
being  either  filled  with  some  material  that  is  a  non-conductor 
of  heat,  or  simply  a  closed  air  chamber  that  prevents  quite 
effectively  the  loss  of  heat.  The  furnace  is  at  the  rear  of 
the  oven,  and  the  flues  are  arranged  so  as  to  distribute  the 
heat  evenly  to  the  shelves.  The  stationary  form  of  oven 
having  either  hinged  or  stationary  shelves  is  usually  set  in 
brickwork,  and  the  furnace  is  located  in  the  bottono  or  at 
the  side,  whichever  is  most  convenient. 

20.  A  stationary  oven  for  drying  small  and  medium- 
sized  cores  is  shown  in  Fig,  14.  It  is  made  of  cast-iron  plates 
bolted  together  and  supported  by  brickwork.  The  oven  is 
closed  by  two  hinged  iron  doors  a,  a;  the  cores  d  are  placed 
on  individual  plates  c  and  deposited  on  the  shelves  d,  which 
are  made  of  gratings  to  allow  a  free  circulation  of  the  heat. 
The  furnace  c  is  under  one  end  of  the  oven  and  enclosed  in 
brick  with  an  ash-pit  /  below  the  floor.  The  heat  and  burned 
gases  pass  from  the  top  of  the  furnace  through  the  openings 
■  in  the  shelves  and  out  the  flue  /■  at  the  upper  corner  of  the 
farthest  end.  In  another  style  of  core  oven,  the  shelves  are 
arranged  in  the  form  of  drawers  equipped  with  rollers  that 
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run  on  rails.  The  outer  ends  of  the  shelves,  as  they  are 
drawn  from  the  oven,  are  carried  by  trolleys  running  on 
overhead  tracks. 

For  large  workthe  ovens  usually  have  shelves  on  the  sides, 
and  a  wide  space  in  the  center  provided  with  tracks  on  the 
floor  to  receive  iron  trucks  on  which  the  large  cores  are 
deposited;  the  trucks  remain  in  the  oven  until  the  cores 
are  dried.     In  some  cases  the  trucks  are  loaded  with  the 


PIO.  14. 

cores  in  the  core  room,  while  in  others  the  trucks  only  move 
their  own  length,  which  is  equal  to  that  of  the  oven,  and  the 
cores  are  transferred  to  them  from  other  trucks.  In  the 
latter  case  the  door  may  consist  of  a  large  plate  fastened  to 
the  rear  end  of  the  truck,  which  closes  the  opening  auto- 
matically when  the  car  is  pushed  into  the  oven.  A  bafBe- 
plate  on  the  other  end  of  the  car  will  close  the  oven  when  the 
truck  is  on  the  outside,  thus  preventing  the  loss  of  heat. 
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The  cars  may  be  moved  either  by  hand  or  mechanically.  In 
some  cases  the  doors  ofwn  by  sliding  upwards  between 
guides  by  means  of  chains  and  counterweights. 

21.  Antifriction  Trucks. — Some  form  of  antifriction 
-or  roller  bearings  requiring  no  lubrication  is  used  on  the  iror 
trucks  used  in  core  ovens.  In 
Fig.  15  is  illustrated  a  truck 
without  journal-boxes  that  is 
sometimes  used  for  this  pur-  i 
pose.  The  support  for  the  car 
frame  consists  of  a  casting  a 
having  two  lugs  d,  b  at  the 
ends,  which  serve  as  stops  to 

prevent  the  axle  tr  from  rolling 

off    the    plate.       The     proper  ' 

proportion  of  the  parts  should  ^"^"  "*" 

be  such  that  the  distance  4  between  the  center  of  the  shaft 
in  its  two  extreme  positions  is  to  the  distance  the  car  is  to 
be  moved  on  the  tracks  e  as  the  diameter  of  the  shaft  c  is  to 
the  diameter  of  the  wheel  f.  Some  style  of  antifriction 
truck  is  also  used  in  the  large  core  and  drying  ovens  in  steel 
foundries  where  the  entire  molds  must  be  dried  before  the 
metal  is  poured.  For  the  heaviest  work,  especially  in 
annealing  furnaces,  the  trucks  are  moved' on  smooth  iron 
■  balls  that  are  laid  in  V-shaped  tracks,  the  supporting  side 
frames  of  the  trucks  being  of  a  similar  form,  but  inverted  so 
as  to  fit  over  the  row  of  balls. 


22.  Mactalnc-Made  Cores. — It  is  only  recently  that 
any  cores  have  been  made  by  machinery.  The  fact  that 
most  of  the  cores  are  made  by  hand  is,  however,  no  good  rea- 
son why  they  cannot  be  made  better  and  cheaper  by 
machinery,  especially  those  cores  with  uniform  cross -sect  ions. 
But  as  yet  there  is  no  universal  machine  suitable  for  all  condi- 
tions; it  requires  a  greater  variety  of  special  appliances  to 
produce  the  various  shaped  cores  than  it  does  to  make  the 
molds  for  the  castings. 
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In  Fig.  16  (rt)  is  shown  a  machine  for  making  cylindrical 
and  prismatic  cores  of.  various  uniform  cross -sections.  The 
machines  are  operated  either  by  hand  or  by  power.  The 
machine  illustrated  consists  of  a  base  frame  a  supporting 
the  movable  parts  and  the  vertical  hopper  b  for  holding  the 


*==^^^^f= 


Pla.  IS. 
core  mixture.  The  hopper  is  made  with  the  one-half  c  remov- 
able, for  convenience  in  cleaning  and  to  aid  in  adjusting 
the  feeder  spindle  d  and  changing  the  bit  e  in  the  machine. 
The  bit  is  shown  in  an  enlarged  view  in  Fig.  16  {b).  A 
tube  f,  having  a  hole  of  the  same  diameter  as  the  core  to  be 
made,  is  fastened  into  the  socket  g  by  means  of  a  setscrew. 
The  machine  is  supplied  with  a  set  of  tubes  of  different  sizes 
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with  bits  to  work  with  them.  To  operate  the  machine,  a 
tube  having  the  desired  opening  and  a  bit  corresponding  to 
it  are  selected;  the  tube  is  inserted  into  the  socket^,  and 
the  shank  h.  Fig.  16  {b),  of  the  bit  is  inserted  into  the  socket 
of  the  crank-shaft  i.  Fig.  16  (a).  The  pointy.  Fig.  16  (*), 
of  the  bit  extends  into  the  center  of  the  opening  in  the  inner 
end  of  the  tube  /",  Fig.  16  («).  The  core  material,  which 
should  be  thoroughly  mixed  and  sifted,  is  fed  into  the  hopper. 

23.  The  proportions  of  the  mixture  used  in  such  a 
machine  may  vary  considerably.  In  some  work  a  mixture 
of  the  following  proportions  is  satisfactory :  6  quarts  of  core 
sand,  1  quart  of  flour,  and  1  gill  of  raw  linseed  oil;  while 
for  other  work  as  much  as  13  to  15  parts  of  sand  to  1  of  flour 
is  used.  The  use  of  oil  enables  cores  to  be  kept  in  stock 
indefinitely  and  also  lubricates  the  machines.  When  the  bit 
is' revolved,  it  forces  the  material  from  the  hopper  through 
the  tube  and  forms  a  continuous  straight  core  vented  from 
end  to  end  through  the  center.  The  core  k.  Fig.  16  (a),  is 
received  on  a  metal  tray  I  placed  in  a  horizontal  position 
under  the  outer  end  of  the  tube/";  the  shape  of  the  grooves 
in  the  tray  should  conform  to  the  form  of  the  core.  The  core 
is  cut  into  suitable  lengths  and  dried  in  the  oven.  Fig,  16  \f) 
shows  the'  sizes  of  some  of  the  cores  made  by  this  machine. 

24.  Machines  are  sometimes  used  for  making  green-sand 
cores.  The  different  machines  vary  greatly,  in  some  cases 
simply  consisting  of  adjustable  boxes  various  portions  of 
which  can  be  quickly  and  easily  withdrawn  from  openings 
in  or  removed  from  about  the  core  when  it  is  completed.  In 
some  cases  special  core  barrels  are  also  used,  and  the 
machines  support  these  while  the  sand  is  rammed  about 
them.  In  reality  these  green-sand  core  machines  are  simply 
molding  machines  used  for  molding  green-sand  cores,  and 
they  may  be  similar  to  any  one  of  the  several  classes  of 
molding  machines  described  in  Machine  Molding. 

25.  In  Fig.  17  is  shown  a  hydraulic  core-making  machine 
designed  for  the  production  of  cores  of  irregular  cross-sec- 
tions and  of  moderate  sizes,  as  those  required  for  molding 
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■  pipe  fittings,  cocks,  valves,  etc.  The  machine  consists  of  a 
bedplate  with  a  frame  supporting  a  presser  head  a,  a  mov- 
able table  b,  which  supports  the  molds  and  is  carried  upwards 
by  the  piston  of  a  hydraulic  cylinder  c  and  guided  by  the 


two  telescope  guides  d,  4.     The  table  b,  with  the  work  on  it, 

is  raised  into  contact  with  the  presser  head  by  means  of  the 
hand  lever  e,  which  acts  through  the  shaft  /"and  arms^. 
The  hydraulic  pressure  is  then  applied  by  means  of  the 
lever  k,  and  the  sand  compressed  to  the  desired  hardness. 

Fig.  18  illustrates  the  process  of  making  the  core  required 
in  casting  the  cock  shown  in  Fig.  18  (a),  the  finished  core 
being  shown  in  Fig.  18  (i).  The  devices  used  to  form  this 
core  in  the  press  shown  in  Fig.  17  are  shown  in  Fig.  18  (c). 
The  core  is  made  by  first  blocking  out  a  body  of  sand  equiv- 
alent in  volume  and  approximately  of  the  same  shape  as  the 
finished  core,  and  then  pressing  the  sand  into  its  final  shape 
The  sand  is  blocked  out  by  using  a  matrix  b.  Fig.  18  (f),  in 
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addition  to  the  customary  half  core  boxes  a  and  c,  w.hich 
has  an  opening  corresponding  to  the  outline  of  the  core. 
The  matrix  is  placed 
on  the  bottom  half^ 
of  the  core  box,  as 
shown  in  Pig,  18 
(r/),  and  the  sand 
rammed  into  the 
■  opening.  The  ma- 
trix  is  then  re- 
moved, leaving  the 
sand  as  shown  in 
Fig.  18  {e),  and  the 
upper  half  a  of  the 
core  box  put  in  its 
place  and  the  sand 
compressed  to  t  h  e 
form  shown  in 
Fig.  18  (/).  The 
completed  core  is 
shown  on  -the  bot- 
tom half  c  of  the 
box   in   Fig.  18  (^).  "^  " 

Owing  to  the  heavy  pressure  used,  the  cores  are  consider- 
ably harder  than  those  made  by  hand. 

The  three  principal  steps  in  the  process  are  also  shown  oo 


the  table  of  the  machine  in  Fig.  19  (a),  (A),and(c).  In  Fig.  19 
(a)  is  shown  the  compressed  sand  a  resting  on  the  lower 
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half  of  the  core  box  d  after  the  matrix  has  been  removed; 
in  Fig.  Ifl  (3)  is  shown  the  sand  a  after  the  applicatiiSn  of 
the  top  half  of  the  core  box,  and  Fig.  19  (c)  shows  the  finislied 
core  a  siipported  by 
the  ends  of  the  stif- 
fening rods  6,  b,  the 
lower  half  of  the 
core  box  having  been 
removed, 

26.  Core-Rod 
Stralichtener. 
Core  rods  that  have 
been  used  are  nearly 
always  crooked  and 
in  an  unfit  condition 
for  storing,  and  it  is 
desirable  to  have 
them  straightened 
when  they  are  re- 
turned from  the 
molding  floor.  In 
Fig.  ao  {a)  and  (b) 
is  shown  a  machine 
designed  for  this  pur- 
pose. The  body  of 
the  machine  contains 
a  revolving  straight- 
ening mechanism 
that  is  operated  by 
means  of  a  belt  run- 
ning on  tlie  pulley  a. 
The  crooked  rods*,*, 
Fig.  20  (rt),  are  made 
to  enter  the  machine 
'"■'  ~  throTigh    hardened 

^"'-■'-  circular     bushings    c 

and    pass  out   straight   through,   similar   bushings   on   the 
opposite  side  of  the  machine,  as  shown  at  d.  Fig,  20  (*). 
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27.     Wlre-Cutter. — A  wire  cutter  of  the  form  shown 
in  Fig.  81  is  a  useful  machine  for  a  core  room.     It  consists 


of  a  lever  a  that  operates  a  shear  blade  6  and  cuts  off  the 
wire  to  any  desired  length  when  drawn  through  the  holes  c. 

28o  ttosin  Grinder. — When  rosin  is  used  in  core  mix- 
tures, it  is  necessary  to  prepare  it  by  pulverizing  the  lumps. 
A  machine  for  this  purpose  is  shown  in  Fig.  22  and  consists 
of  a  cylinder  a  with  projections  l>  on  the  outside,  and  which 
is  made  to  rotate  rapidly  by  means  of  a  belt  on  the  pulley  c. 
The  rosin  is  placed  in  a  box  c/  that  is  open  on  the  inside  and 
fits  closely  around  the  lower  portion  of  the  cylinder.  The 
pulverized  rosin  passes  through  a  screen  in  the  bottom  of 
the  box  (^  and  is  removed  through  a  door  ^.  The  frame  of 
the  machine  is  made  of  wood  and  is  enclosed  in  a  dust-tight 
case.     A  hinged  lid  _/"  covers  the  cylinder. 

Another  form  of  rosin  grinder  resembles  a  tumbling  barrel. 
It  is  made  of  metal  and  is  dust-tight.  The  lumps  of  rosin  are 
pulverized  in  the  barrel  by  means  of  two  pieces  of  shafting, 
lying  loose  on  the  bottom,  that  roll  against  each  other  as  the 
barrel  revolves. 

CLRANING-ROOM    BQUIPMENX. 

29.  Methods  of  Cleaning  CustinK»*. — Flasks  are  sha- 
ken out  as  soon  as  the  nature  of  the  casting  permits  and  piled 
up  or  distributed  where  most  convenient  for  the  molders; 
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the  sand  is  cut  up,  freed  from  shot  iron  and  fins,  carefully 
mixed,  and  tempered  ready  to  be  used  in  new  molds.  The 
castings  are  picked  out  of  the  sand,  the  gates  knocked  off,  and 
then  delivered  to  the  cleaning  room.  They  are  then  cleaned 
from  all  adhering  sand,  cores  and  core  arbors  are  removed, 
and  gates  and  fins  are  chipped  off;  afterwards  they  are  tum- 
bled, sand  blasted,  or  pickled,  assorted,  ground,  weighed, 
counted,  recorded,  and  placed  in  storage  or  shipped. 

Large  castings  that  are  too  heavy  to  be  conveniently  car- 
ried from  one  department  to  another  are  generally  cleaned 
on  the  foundry  floor,  where  they  can  be  conveniently  han- 
dled by  cranes.  The  smaller  ones  are  generally  cleaned  in 
tumbling  barrels,  pickling  baths,  sand-blast  chambers,  or 
sand-blast  tumblers. 

30.  Pneumatic  Chlpplntc  Hammer. — The  hand 
cleaning  on  the  bench  and  floor  is  done  by  means  of 
hammers  and  chis- 
els, steel  brushes, 
pneumatic  ham- 
mers, saws,  emery 
grinders,  etc.  A 
form  of  pneu- 
matic cbipplnK 
hammer  that  is 
used  for  trimming 
castings  i  s  shown 
in  Fig.  as  (a).  It 
consists  of  an  air 
cylinder  a  with  a 
reciprocating  piston 
to  which  is  attached 
a  chuck  for  the  pur- 
pose of  holding  a 
chisel  6.  The  com- 
pressed air  that  op- 
erates the  piston  is 
supplied  through  a  hose  attached  at  c  at  the  end  of  the 
handle.     A  valve  </,  operated  by  the  thumb,  controls  the 
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admission  of  the  air  for  the  purpose  of  starting  and  stop- 
ping the  hammer.  The  construction  of  the  hammer  is 
such  that  the  piston  serves  as  a  valve  to  control  the  admis- 
sion of  the  air  and  its  exhaust  from  the  cylinder,  and  auto- 
matically reverses  its  motion  at  both  ends  of  the  stroke. 
After  forcing  the  piston  outwards,  the  air  exhausts  through 
the  holes  e.  The  hammer  is  held  firmly  in  both  hands,  as 
shown  in  Fig.  33  (^),  and  the  blows  are  struck  very  rapidly. 
31.  A  flexlble-Hliaft  emery  erlader  is  a  very 
serviceable  tool  for  cleaning  castings.     If  placed  on  a  truck 


and  driven  by  an  electric  motor,  it  may  be  easily  taken  about 
the  molding   floor  and   used   to  clean  castings  in  a  most 
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convenient  manner.  In  Fig.  'ii  is  shown  a  less  portable 
arrangement,  but  one  that  is  often  used.  The  power  is 
transmitted  to  the  flexible  shaft  a  through  a  rope  drive. 
The  pulley  i  may  be  moved  to  any  location  within  the  reach 
of  the  driving  rope  by  chan- 
ging the  length  of  the  rope 
attaching  the  idler  d  to  the 
floor.  The  emery  wheel  _/*  is 
Fio.  BB.  held    against    the    work    by 

means  of  the  two  handles  ^,  g.  The  flexible  shaft  is  made 
by  winding  successive  layers  of  wire  in  opposite  directions 
about  a  center  wire,  aS  shown  in  Fig.  25,  the  outside  being 
covered  with  leather. 

32.     A  stationary  emery-wbeel  stand  of  the  form 
shown  in  Fig.  26,  equipped  with  two  emery  or  carborundum 


wheels  a,  a,  is  used  in  the  cleaning  room  to  remove  fins  and 
other  small  projections  from  the  castings.  It  is  belted  to 
be  driven  either  from  above  or  below  the  floor.  The  latter 
method  offers  the  least  obstruction  to  the  operator,  as  the 
belt  is  not  in  the  way  and  is  neater  in  appearance  than  the 
arrangement  of  overhead  belting. 

33.     Steel  brushes  in  a  great  variety  of  forms  are  used 
for  cleaning  sand,  scale,  etc.  from  castings  and  metal  work. 
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In  Fig.  27  {a)  are  shown  three  forms  of  cleaning  brushes  to 
be  used  by  hand.  They  are  useful  in  cleaning  the  parts  o£ 
the  castings  that  cannot  conveniently  be  reached  by  means 
of  other  tools,  A  rotary  steel-wire  cleaning  brush,  which  is 
driven  by  a  belt,  is  shown  in  Fig.  37  {/>).  The  driving  shaft  a 
carries  a  number  of  steel-wire  brushes  l>  that  pass  over  the 
surface  of  castings  held  on  the  table  ^.  The  table  is  adjust- 
able  and  is   raised  or  lowered  by   means  of  a  foot-lever  li 


hinged  to  the  rod  e  that  passes  through  the  frame /of  the 
machine  and  is  attached  to  the  under  side  of  the  table  c. 
The  guide  ^  aids  in  keeping  the  movable  table  central  over 
the  frame/".  The  driving  shaft  carries  two  disks  /i,  h  with 
rods  I  between  them  running  along  the  rear  side  of  each  brush 
for  the  purpose  of  supporting  the  brushes;  these  supporting 
rods  increase  the  life  of  the  brushes  considerably.  When  the 
.j:)B— 9 
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brushes  become  worn  down  to  the  supporting  rods,  the  rods 
are  moved  to  the  inner  row  of  holesyon  the  disks. 

34.  Machines  for  cutting  gates  and  sprues  from  castings 
are  used  in  the  larger  foundries, 
especially  in  those  making  brass 
castings.  A  belt-driven  machine 
for  this  purpose  is  shown  in  Fig.  28, 
and  consists  of  a  rigid  base  and 
frame  supporting  the  working 
parts,  which  in  this  case  are  in 
the  upper  portion  of  the  machine. 
The  sprues  are  removed  from 
the  castings  by  bringing  them 
between  the  two  steel  cutters  a, 
the  lower  one  being  stationary  and 
the  upper  one  having  a  vertical 
motion,  produced  by  means  of  a 
lever  and  a  cam  on  the-driving 
shaft  d.  The  pulley  runs  con- 
stantly, and  the  machine  is  started 

'"*■"■  and  stopped  as  desired  by  means 

of  a  foot-lever  c  that  operates  a  clutch  on  the  shaft. 

35.  Sometimes  ffate  sawit  are  used  to  remove  the 
gates  from  castings.  The  saws  are  operated  either  by  hand 
or  power.  A  band  saw  for  cutting  metals,  especially  brass, 
is  shown  in  Fig.  'id.  The  machine  consists  of  a  frame  a 
with  a  bandwheel  d  driven  by  a  belt  on  the  cone  pulley  c. 
The  saw  d  passes  around  the  band  pulley  i  and  a  similar 
one  e  held  by  a  vertically  adjustable  bearing /"at  the  top  of 
the  frame.  The  work  is  held  on  the  table  ^.  Guides  A,  /i 
are  placed  both  below  and  above  the  table  for  the  purpose 
of  supporting  the  back  of  the  saw  when  the  sprue  is  pressed 
against  the  cutting  edge.  The  top  guide  has  a  vertical 
adjustment.  The  saw  runs  at  a  high  speed  and  is  very 
effective  in  its  work.  Hand  saws  operated  by  either  one  or 
two  men  are  frequently  used  to  remove  gates,  risers,  etc. 
from  large  castings. 
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In  foundries  using  a  large  number  of  wooden  flasks,  a 
machine  for  pulling  nails  from  cross-bars   is  very  useful, 


especially  when  combined  with   a  small   trip  hammer   for 
straightening  the  nails. 

36.     Small  castings  are  cleaned  in  tumbllntE  barrels, 
which  are  made  in  a  great  variety  of  designs,     A  plain  type 
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of  tumbler  is  shown  in  Fig.  30.     It  is  belt-driven,  and  the 
heads  a,  a  of  the  barrel  have  gears  on  their  outer  rims  by 


means  of  which  motion  is  transmitted  to  thera  from  the 

pinions  b,  b  on  the  driving  shaft.     The  staves  are  held  in 

^  place  by  the  lugs  c   on   the   inside   of   the 

^^^^^^^     heads.     Tie-bolts  d  bind  all  parts  securely 

^^^M^r       together.     The  barrel  is  supported  either  by 

^^^^K        trunnions  e  at  each  end  or  by  a  shaft  that 

■  ^PyiSP'^   extends  through  its  center.     One  or  more  of 

thestaveshave  handlesy  andare  removable. 

Pio.  ti.  rpjjg  barrel  is  partly  filled  with  castings,  and 

some  iron  stars,  shown  in  Fig.  31,  or  blocks  of  hard  iron  are 

added,  leaving  sufficient  space  for  all  the  contents  to  tumble 

about  when  the  barrel  is  in   motion.     The  iron  stars  are 

sometimes  cast  with  long  points,  which  serve  to  dig  the  sand 

out  of  corners  or  holes  in  the  castings.     When  the  castings 

are  thin  and  easily  broken,  it  is  better  to  use  blocks  of  wood 

instead  of  the  pieces  of  hard  iron,  to  avoid  breakage.     In 

other  cases  it  is  preferable  to  fasten  the   castings  to  the 

inside  of  the  staves  to   prevent  their  tumbling  about  and 


^aovGoOt^lc 


§  50  FOUt^DRY   APPLIANCES.  36 

damaging  their  corners  and  edges.  The  central  space  is 
then  partly  filled  with  smaller  castings  or  stars,  which,  as 
the  tumbler  is  rotated,  clean  the  surfaces  of  the  large  cast- 
ing.    By  this  method  very  satisfactory  cleaning  is  done. 

37.     Tumbling  barrels  are  usually  operated  in  pairs  or 
in  rows.     In  Fig.  Z'i  is  shown  a  row  of  tumbling  barrels  that 


are  rotated  by  means  of  friction  rollers  on  a  shaft  running 
lengthwise  under  the  barrels.  The  end  of  the  barrel  forms 
a  flat-faced  wheel  a  that  rests  on  a  friction  roller  6  on  the 
driving  shaft  c.  The  end  of  the  barrel  is  kept  in  line  by  a 
cast-iron  journal  (/projecting  from  the  head.  The  bearing 
of  the  journal  has  a  vertical  movement  and  is  raised  or 
lowered  by  means  of  a  lever  /.  The  rotation  is  started  by 
lowering  the  barrel  and  bringing  the  friction  surfaces  of 
the  wheel  a  and  roller  ^  in  contact  with  each  other.  The 
other  end  of  the  barrel  rests  on  two  antifriction  rollers^,  g, 
as  shown  in  the  illustration.  Sometimes,  however,  the  end 
of  the  barrel  is  supported  by  a  trunnion  that  rests  either  on 
a  bearing  or  on  antifriction  rollers  supported  on  a  pedestal. 
A  tumbling  barrel  of  this  form  can  be  lifted  from  its  sup- 
port and  replaced  by  another  one  charged  with  castings. 
By  having  an  extra  barrel,  this  system  allows  the  barrels  to 
be  filled  and  emptied  on  the  floor,  and  the  cleaning  can  go 
on  continuously. 
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38.  The  process  of  dry  tumbling  causes  large  volumes 
of  dust  in  the  cleaning  room,  which  is  very  destructive  to 
the  machinery  and  also  makes  it  impossible  for  the  work- 
men to  remain  in  the  room.  To  overcome  this  injurious 
feature,  tumblers  are  sometimes  equipped  with  an  exhaust 
system  to  carry  off  the  dust.     In  Fig.    33   is  shown  two 


rows  of  exhaust  tumblers  working  in  pairs.  A  hollow 
shaft  a  at  one  end  of  the  barrel  connects,  by  means  of  an 
enclosed  journal-box  6,  with  a  pipe  c  leading  to  a  fan.  The 
effect  of  the  arrangement  is  to  draw  a  strong  blast  of  air  in 
through  an  opening  in  the  other  end  li  of  each  barrel,  and 
the  dust  is  carried  through  the  fan  to  a  flue.  Sometimes  a 
water  trap  is  inserted  in  the  exhaust  pipe  c  so  as  to  retain 
as  much  as  possible  of  the  dust  and  prevent  its  destructive 
action  on  the  fan. 

The  end  of  each  barrel  has  a  gear  e  on  the  outer  edge  that 
is  operated  from  a  pinion /"on  the  driving  shaft  ^  extending 
the  full  length  of  the  row.  Each  barrel  is  stopped  and 
started  by  means  of  a  lever  //  that  moves  the  bearing  of  the 
hollow  journal  so  as  to  throw  the  gear  e  on  the  end  of  the 
barrel  either  in  or  out  of  mesh  with  the  gear  /  on  the 
shaft. 
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39.  Tumbling  barrels  are  usually  more  or  less  open,  and 
the  loose  sand,  scale,  etc.  from  the  castings  sifts  through  to 
the  floor.      In  some  cases 

the  material  is  removed 

from  the  room  by  means 

of  a  conveyer  running 

in  a  pit  under  the  row  of 

barrels.     A   conveyer 

suitable  for  this  purpose 

is   shown  in  Fig.  34  and 

consists    of    an     endless 

rubber  belt  a  running  on  "**'  **" 

idlers  placed  at  intervals  along  its  length.     The  idlers  are 

arranged  in  sets  of  three.     Those  supporting  the  loaded  part 

of  the  belt  are  arranged  so  as  to  give  it  the  form  of  a  trough. 

The  middle  idler  b  is  horizontal  and  gives  a  flat  bottom  to 

the  trough,  while  the  two  outside  idlers  c,  c  are  inclined  at  a 

suitable  angle  to  form  the  sides.     The  three  lower  idlers  d, 

which  carry  the  return  loop  of  the  belt,  are  on  a  horizontal 

shaft  and  the  belt  is  flat. 

40.  Oblique  tumbllns:  barrels  are  frequently  used 
for  small  work.  In  Fig.  35  is  shown  a  tumbler  of  this  form 
that  is  arranged  to  be  tilted  and  emptied.  It  is  open  at  the 
top  so  that  the  condition  of  the  castings  may  be  seen  during 
the  cleaning  process,  and  any  of  the  castings  removed  or 
others  added  at  any  time  without  stopping  the  rotation  of 
the  barrel.  The  barrel  a  is  made  either  of  steel,  brass,  or 
wood,  depending  on  the  kind  of  castings  to  be  cleaned.  It 
is  supported  by  a  shaft  b  resting  in  bearings  i  at  each  end  of 
a  frame  c,  which  is  hinged  at  (/and  arranged  to  operate  at 
different  angles  of  elevation  by  means  of  a  screw  e  and  hand 
wheel  /.  The  barrel  is  tilted  for  emptying  by  means  of  a 
rack  g  hinged  at  one  end  to  the  rear  end  of  the  frame  c 
and  operated  by  a  gear  on  the  shaft  carrying  the  hand 
wheel  h,  the  shaft  being  held  by  suitable  bearings  on  the 
machine  frame  /.  The  barrel  receives  its  motion  from 
a   friction   roller  /',  which   is  on   the  shaft   carrying    the 
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pulley  i,  and  turns  against  the  outer  edge  of  the  bottom 
of  the  barrel. 


41.     Brass  and  bronze  castings  are  preferably  tumbled 
in  water.     A  barrel  for  this  purpose  is  shown  in  Fig.  36. 


Fio.as. 
The  water  enters  through  the  center  of  one  head  a  and 
leaves  through  openings  i  in  the  other,  carrying  the  sand 
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with  it.  The  barrel  is  mounted  over  a  trough  c  provided 
with  an  overflow  d.  The  barrel  is  lined  with  oak  staves  e. 
A  barrel  of  the  form,  shown  in  Fig.  36  is  also,  sometimes 
used  for  wet  tumbling.  Water  tumbling  barrels  are  very 
serviceable  in  cleaning  iron  castings  and  drop  forgings  that 
are  to  be  plated,  as  the  process  produces  a  good  clean 
surface. 

42.  Pickllne  Caatlnes. — Castings  that  are  to  be  gal- 
vanized, tinned,  nickel  plated,  enameled,  or  painted  should 
have  a  perfectly  clean  metallic  surface  so  that  the  coating 
will  adhere  properly,  and  castings  that  are  to  be  machined 
should  be  thoroughly  freed  from  all  sand  to  avoid  the 
destruction  of  tools.  Tumbling  accomplishes  this  only 
with  the  plainest  of  castings  without  cores  and  with  even 
surfaces.  The  cleaning  of  irregular  castings  can  be  done 
more  perfectlyby  pickling  or  by  means  of  a  sand  blast.  In 
the  pickling  processes  the  castings  are  treated  with  dilute 
solutions  of  sulphuric  or  hydrofluoric  acids.  Pickling  solu- 
tions for  brass  are  generally  prepared  by  mixing  3  parts  of 
sulphuric  acid  to  %  parts  of  nitric  acid,  and  adding  to  each 
quart  about  a  handful  of  table  salt.  This  mixture  is  used 
undiluted  with  water.  Although  this  solution  is  used  for 
the  purpose  of  cleaning  the  castings,  it  leaves  them  with  a 
good  color,  and  it  is  therefore  used  more  frequently  for  the 
purpose  of  coloring  than  for  cleaning  them.  With  brass  the 
molding  sand  does  not  burn  into  the  casting,  and  if  it 
should  adhere  to  the  surface,  it  can  be  easily  removed  by 
plunging  the  castings,  while  still  hot,  into  water.  It  is 
different,  however,  with  iron  castings.  They  must  not  be 
cooled  suddenly,  as  this  will  change  their  structure,  harden 
their  surface,  and  is  liable  to  crack  them.  Neither  will  the 
sudden  cooling  remove  all  the  sand  from  iron  castings,  as  it 
is  often  burned  into  the  surface. 

43.  Sulpb uric- Acid  Solution — Dilute  sulphuric  acid 
dissolves  the  iron  and  loosens  the  thin  layer  or  particles  of 
sand.     Concentrated  or  strong  sulphuric  acid  has  no  effect 
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on  the  iron,  so  that  it  is  a  mistake  to  make  the  sulphuriC- 
acid  pickling  solution  too  strong.  The  solution  is  prepared 
by  mixing  1  part  of  sulphuric  acid  with  4  or  0  parts  of 
water.  The  mixing  should  be  done  slowly,  with  constant 
stirring,  to  avoid  accidents,  the  acid  being  poured  into  the 
water,  not  the  water  into  the  acid.  Sulphuric  acid  must  be 
handled  with  great  care,  as  it  will  burn  the  tlesh  and  cloth- 
ing. In  case  of  accident,  apply  ammonia  or  soda,  or  wash 
immediately,  using  an  abundance  of  water.  When  the 
acid  is  thoroughly  cleaned  off  or  neutralized,  apply  some 
healing  lotion,  such  as  collodion  or  a  mixture  of  linseed 
oil  and  lime  water,  which  should  be  always  kept  on  hand 
ready  for  immediate  use.  The  strength  of  the  bath  is 
easily  maintained  by  measuring  occasionally  its  specific 
gravity  with  a  hydrometer,  and  adding  more  acid  when 
the  readings  are  too  low.  The  solution  should  be  kept 
in  a  lead-lined  or  pitched  wooden  tank  of  about  3  feet  in 
depth,  which  is  sunk  12  or  18  inches  into  the  ground,  and 
surrounded  by  a  platform  inclining  toward  the  center.  It 
is  advisable  to  provide  the  bottom  of  the  tank  with  a 
wooden  grate  made  with  wooden  dowels  and  without  iron 
nails  or  screws.  If  necessary,  it  can  be  weighted  down 
with  lead.  This  grating  will  permit  the  sand  and  sediment 
to  fall  to  the  bottom  and  leave  a  clear  solution,  A  second 
tank,  containing  a  hot  solution  of  potash  or  soda,  is  kept 
near  the  first.  It  is  used  for  a  second  dip,  and  its  object  is 
to  neutralize  the  acid  adhering  to  the  castings;  a  third  tank 
containing  hot  water,  which  is  frequently  renewed,  is  used 
for  a  final  washing  of  the  pickled  castings.  Castings  placed 
into  the  pickling  solution  are  usually  cleaned  in  from  ^  to 
1  hour.  If  they  are  too  large  for  the  pickling  vat,  they  may 
be  placed  on  the  inclined  platform  and  some  of  the  liquid 
poured  over  them  from  time  to  time,  which  will  loosen  the 
sand.  Sometimes  it  is  preferred  to  leave  the  castings  for 
several  hours,  or  over  night,  in  the  solution,  and  in  such 
cases  it  should  be  made  much  weaker  than  the  one  first  • 
described.  One  part  of  acid  to  10  or  15  parts  of  water  will 
make  it  fully  strong  enough  if  used  in  this  manner.     This 
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pickling  soUition  will  not  work  well  when  cold,  and  all  sul- 
phuric-acid solutions  will  work  best  when  heated.  In  order 
that  no  acid  may  remain  in  the  pores  of  the  iron,  the  cast- 
ings should  be  well  washed  in  clean  hot  water  aiid  immersed 
in  an  additional  bath  of  a  hot  alkaline  solution,  after  which 
they  should  again  be  rinsed  in  hot  water. 

44.  Hydrofluoric- Acid  Solution. — Hydrofliioricacid 

acts  in  a  different  manner  from  sulphuric  acid.  It  does  not 
attack  the  iron,  but  dissolves  the  sand  and  the  underlying 
oxide  of  iron.  The  strength  of  the  solution  varies  with  the 
time  in  which  the  castings  are  to  be  finished.  A  proportion 
of  1  part  of  30-per-cent.  acid  to  20  parts  of  water  will  gener- 
ally prove  satisfactory.  If  48-per-cent.  acid  is  used,  a  mix- 
ture of  1  gallon  of  acid  to  30  or  iO  gallons  of  water  will  give 
the  same  results.  The  solutions  should  be  well  stirred  and 
used  cold,  but  it  must  be  kept  above  the  freezing  point.  It 
will  clean  castings  in  from  ^  to  1  hour.  Weaker  solutions 
act  slower.  The  bottom  of  the  bath  should  frequently  be 
cleaned  from  sediment  or  the  acid  will  quickly  lose  its 
strength  by  dissolving  the  loose  sand. 

Castings  pickled  in  dilute  hydrofluoric  acid  should  be  rinsed 
in  hot  water  as  soon  as  removed  from  the  acid.  If  washed 
in  cold  water,  they  will  remain  wet  for  some  time  and  will 
rust.  The  addition  of  some  alkaline  substance,  as  lime, 
potash,  or  soda,  to  the  hot-water  bath  will  be  found  very 
serviceable. 

Hydrofluoric  acid  must  be  handled  with  great  care,  as  it 
will  cause  painful  inflammation  if  it  comes  in  contact  with 
the  skin.  An  application  of  dilute  ammonia  will  best  neu- 
tralize the  acid  on  the  skin  or  clothing.  Water  should  be 
used  freely  to  wash  off  the  acid.  Rubber  gloves  protect  the 
hands  from  dilute  acid. 

45.  Sand  Blast  forCleanlnKCastlaKS. — Themethod 
of  cleaning  castings  by  the  sand  blast  involves  the  use  of  an 
air  compressor  in  connection  with  an  air  chamber  and  a  sand 
reservoir.     The  process  consists  of  throwing  a  stream  of  fine 
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sharp  sand  by  means  of  a  current  of  compressed  air  against 

the  surface  of  the  castings  to  be  clcaneti.    The  rapidly  mov- 

.  ing  sand  cuts  away  all  the  sand  and  scale  from  the  castings 


and  leaves  the  castings  wkli  .t  tlean,  smooth  surface.  The 
results  obtained  by  this  process  nn-  better  than  those  of 
any  other  methoJ,  biii  it  i>  r.inrt:  cuaily.     Fig.  S7  illustrates 


^aovGoOt^lc 


8  so  FOUNDRY   APPLIANCES.  48 

a  room  equipped  with  sand-blast  apparatus  fpr  the  purpose 
of  cleaning  castings.     The  castings  are  placed  on  a  grating  a 
placed  over  the  opening  of  a  large  hopper  that  directs  the 
sand  to  a  conveyer,     A   rubber  hose   b  terminating  in   a 
nozzle  c  leads  from  the  air-pressure  tank  d  to  the  grating.    A 
valve  controls  the  flow  of  sand  and  air  into  the  hose.     The 
cutting  quality  of  the  issuing  stream  is  so  great  that  it  is  not 
a  difficult  matter  to  remove  lumps  and  irregularities  from 
the  castings.     The  surfaces  of  castings  cleaned  in  this  way 
have  a  white,  silvery  appearance,  and  they  are  in  the  best 
possible  condition  to  receive  coatings  of  enamel,  paint,  or 
plating.     This  method  of  sand-blast  cleaning  is  also  applied 
to  structural -steel  work  to  prepare  the  surface  for  repainting. 
The  grating  a  is  covered  by  a  hood  e  connected  with  an 
exhaust  fan  to  draw  up  the  dust.     It  performs  this  duty  to 
a  slight  extent,  but  not  nearly  enough  to  make  the  applica- 
tion of  other  safeguards  to  the  operator  unnecessary      It  is 
dangerous  to  the  health  of  an  operator 
to  work  for  any  length  of  time  in  a 
sand-blast  cleaning  room  without  be- 
ing protected  by  a  respirator  and  hel- 
met similar  to  that  shown  in  Fig.  38. 
The  helmet  encloses  the  head  of  the 
operator.     It   is  made   of  cloth   and 
metal,  and  has  an  opening  a  covered 
by  some  transparent  material,  such  as 
fine-wire  gauze,  celluloid  film,  or  glass. 
Air  is  forced  into  the  top  of  the  hel- 
met through  a  hose  b,  and  passes  out  Vta.m, 
through  the  loose  portions  at  the  bottom.     By  making  use 
of  these  appliances  there  is  little  danger  to  the  health  of  the 
operator  from  the  dust. 

46.  Sand-Blast  TumbHnic  Barrels. — Another  appli- 
cation of  the  sand  blast  is  shown  in  Fig.  39  wherein  the  blast 
is  directed  into  a  slowly  revolvinjf  tumbling  barrel  a.  The 
castings  are  placed  in  the  barrel,  and  the  tumbling  continu- 
ally sxposes  new  faces  to  the  action  of  the  blast.    The  barrel 
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rotates  very  slowly,  and  the  method  is  suitable  for  light  and 
fragile  castings,  as 
there  is  little  danger 
of  breaking  them.  The 
sand  blast  is  intro- 
duced through  the  hol- 
low trunnion  at  one 
end  of  the  barrel  by 
means  of  a  hose  ^  from 
the  pressure  tank. 
After  the  barrel  has 
been  closed,  and  also 
further  protected  by 
closing  the  sliding 
door  c  of  the  outside 
case,  it  is  set  in  motion. 
When  it  has  been  run- 
ning for  from  35  to 
4fi  minutes,  the  cast- 
ings are  perfectly 
clean  and  present 
bright  surfaces  and 
clean  edges.  The  ends 
of  the  barrel  rest  on 
friction  rollers  d  on 
two  shafts  that  are 
■  **■  driven    by    means    of 

gearsf,f  meshing  with  the  worms/, /on  the  driving  shaft  ^. 

47.  Cinder  Mill. — A  cinder  mill  is  sometimes  used  to 
remove  the  iron  from  the  cupola  cinder  and  foundry  scra- 
pings. One  style  of  machine  for  this  purpose  is  shown  in 
Fig.  40  {a),  (d),  and  (i:).  This  mill  consists  of  a  sheet -metal 
barrel  a  supported  on  hollow  trunnions  b,  b',  and  arranged 
so  that  it  may  be  revolved  by  means  of  a  large  gear  c,  on 
the  outer  edge  of  one  end  of  the  barrel  and  a  pinion  d  on 
the  driving  shaft  e.  A  centrifugal  pump,  operated  from  the  . 
driving  shaft  e  by  means  of  bevel  gears/  forces  a  stream  of 
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water  from  a  catch  basin  under  the  mill  into  the  barrel 
through  the  trunnion  b.  The  dirt  and  water  are  discharged 
through  the  trunnion  b'.  Fig.  40  (b),  into  a  wheelbarrow 
having  a  wire-cloth  bottom;  the  water  returns  to  the  pump, 
the  dirt  remains  in  the  barrow,  and  the  coke  is  carried  ovei 
the  barrow  and  collected  by  means  of  a  coke  screen. 


The  barrel  contains  a  crusher  that  consists  of  five  pieces 
of  plank  g  attached  to  a  metal  frame  and  shaft  //,  Fig.  40  (c). 
The  crusher,  whose  diameter  is  slightly  greater  than  half 
that  of  the  barrel,  rests  on  the  bottom  of  the  barrel  and 
revolves  when  the  barrel  revolves,  by  means  of  the  friction 
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between  the  shell  a  and  the  vanes  g.  The  material  is  placed 
in  the  barrel  a,  and  the  iron  is  removed  through  the  door  i. 
When  the  machine  is  in  operation,  the  water  stands  approxi- 
mately on  a  level  with  the  center  of  the  barrel,  as  shown  by 
the  dotted  line  J  k.  Fig.  40  (c),  and  the  material  is  carried 
around  by  means  of  the  friction  between  it  and  the  shell  a 
until  its  surface  forms  a  slope,  the  angle  of  which  depends  on 
the  speed  of  the  barrel,  shown  by  the  dotted  line  /  tn.  The 
water  surface  line  j k  crosses  the  cinder  slope  line  I  jii  at  «, 
thus  leaving  a  channel  k  m  n  through  which  the  water  passes 
from  one  end  of  the  barrel  to  the  other.  As  the  mill  revolves 
in  the  direction  of  the  arrow  o,  the  cinder  is  .ground  under 
the  vanes  g  of  the  crusher  and  carried  to  the  top  of  the 
slope /and  dropped  into  the  water  at  k.  The  iron  and  heavy 
material  go  to  the  bottom,  while  the  lighter  portions  are 
suspended  and  carried  by  the  current  of  water  in  the  chan- 
nel kmn  through  the  ports/  into  the  separating  chamber  g. 
Fig.  40  (b).  If  any  heavy  cinder  enters  the  chamber  q,  it 
falls  to  the  bottom  and  is  returned  to  the  barrel  through  the 
port  p  above  the  cinder  line  /  m,  by  means  of  the  buckets  r 
attached  to  the  inner  edge  of  the  ports  /.  The  refuse  passes 
out  with  the  water  through  the  trunnion  b'.  The  mill  is 
stopped  and  started  by  means  of  a  friction  clutch  J  on  the 
driving  shaft  e.  Fig.  40  {a). 


^aovGoOt^lc 


MALLEABLE  CASTING. 


MALLEABLE  CAST  IRON. 


PROPERTIES    AND   COMPOSITION. 

INTRODUCTION. 

1.  A  malleable  casting:  is  an  iron  casting  of  special 
composition  that  has  been  rendered  malleable  by  subsequent 
continued  annealing.  The  casting,  before  it  is  annealed,  is 
very  hard  and  brittle,  and  as  its  fracture  has  a  distinctively 
white  appearance,  the  iron  of  which  it  is  composed  is  known  as 
wblte  Iron,  to  distinguish  it  from  ordinary  cast  iron,  which 
has  a  gray  fracture  and  is  known  as  sray  Iron.  The  white 
iron  also  contains  carbon  in  a  form  known  as  combined  car- 
bon, which  will  be  considered  fully  later  on.  In  the  process 
of  annealing,  this  carbon  is  changed  to  an  amorphous,  or 
uncrystallized,  form,  although  not  a  graphitic  carbon  found 
in  gray  iron,  to  which  the  name  temper  carbon  has  been 
given.  After  annealing,  the  casting  can  be  twisted,  bent 
and  hammered,  hot  or  cold,  while  its  strength  is  more  than 
doubled. 

PHVSICAI.    PROPBRTIBB. 

2.  The  tensile  etrenctb  of  a  good  piece  of  malleable 
cast  iron,  frequently  called  simply  malleable,  should  lie 
between  37,000  and  45,000  pounds  per  square  inch.  Cast- 
ings that  show  35,000  may  be  used,  and  many  are  made  that 

§51 
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run  as  high  as  62,000  pounds  per  square  inch,  but  this  high 
tensile  strength  is  obtained  at  the  expense  of  resistance  to 
shock.  These  high  results  are  secured  by  adding  from  2  to 
6  per  cent,  of  steel  scrap  to  the  regular  mixture  in  the  open- 
hearth  furnace. 

3.  Ductility.— The  elongation  of  a  malleable  casting 
should  lie  between  2.6  and  6  per  cent. ;  the  thicker  the  piece, 
the  smaller  is  the  elongation.  Tests  are  usually  made  on 
bars  .  8  inch  in  diameter,  not  turned  down,  and  the  elonga- 
tion measured  by  pricking  center-punch  marks  along  the 
whole  bar  at  intervals  of  an  inch.  After  the  bar  has  been 
pulled  apart,  the  two  parts  are  fitted  together  and  the  exten- 
sion measured  between  the  two  marks  on  both  sides  of  the 
mark  nearest  the  fracture,  which  were  originally  2  inches 
apart. 

4.  The  trauBverse,  or  bendlnff,  etreii|[th  of  a  mal- 
leable casting  should  be  such  that  it  will  carry  a  load  of 
between  3,600  and  6,600  pounds,  the  load  being  applied  at 
the  middle  of  a  bar  1  inch  square,  supported  at  its  ends, 
upon  supports  13  inches,  apart.  The-  deflection  from  the 
horizontal  should  be  at  least  {  inch,  but  very  good  and  soft 
iron  often  gives  a  deflection  of  2i  inches. 

5.  The  reHlllence,  or  resistance  to  shock,  of  the  aver- 
age malleable  casting  is  about  8  times  that  of  cast  iron  and 
half  that  of  steel.  This  is  true  for  powerful  shocks  not 
often  repeated.  For  continued  light  shocks,  as  in  railroad 
service,  a  malleable  casting  is  superior  to  one  made  of  steel. 

6.  Effect  of  Temperature  of  Molten   Iron.  —  In 

making  the  hard  castings,  that  is,  before  they  are  annealed, 
it  is  necessary  to  have  a  white  fracture,  or  only  mottied 
very  slightly,  otherwise  the  annealing  will  spoil  the  work. 
In  order  to  obtain  a  white  fracture  the  iron  must  be  chilled 
in  the  mold.  It  is  known  that  thin  sections  chill  much  more 
quickly  in  the  sand  than  thick  ones;  a  thin  piece  may  there- 
fore set  at  once  and  show  a  perfectly  white-glass  hard  frac- 
ture.    The  same  iron,  however,  if  run  into  a  section,  say. 
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3  inches  thick,  will  cool  slowly  and  result  ina  perfectly  gray 
casting.  This  gray  casting  when  subjected  to  the  annealing 
process  will  come  out  "rotten,"  being  burned  and  disin- 
tegrated throughout. 

The  temperature  of  the  melted  iron,  or  bath,  must  also  be 
observed.  A  hot  iron  chills  better  than  a  comparatively 
cold  one.  Thus,  a  casting  1^  inches  thick  may  be  poured 
from  the  hottest  part  of  the  bath  and  have  a  white  fracture, 
while  the  same  casting  poured  from  the  first  of  the  tap,  or 
the  coldest  iron,  may  be  perfectly  gray.  If  the  iron  is  dull, 
therefore,  all  the  thin  castings  that  can  safely  be  run,  should 
be  poured;  if  the'iron  is  very  hot,  Che  lightest  work  should 
be  poured  first  to  avoid  spoiling  the  work;  the  heaviest 
should  be  taken  next,  and  finally  the  medium-weight  castings 
should  be  poured. 

While  it  is  essential  to  have  the  iron  at  a  suitable  temper- 
ature for  the  castings  to  be  poured,  care  must  be  taken  not 
to  prolong  the  heat  more  than  is  necessary,  as  long-continued 
heating  causes  changes  in  the  composition  of  the  bath  by 
carrying  oflf  the  silicon  and  carbon, 

7.  The  contraction  in  hard  castings  is  approximately 
{  inch  to  the  foot.  As,  however,  in  the  annealing  process 
some  of  this  is  restored  in  some  cases  as  much  as  one-half, 
the  ordinary  shrink  rule  for  gray  iron  is  frequently  used  for 
patterns  for  malleable  work  also.  It  is  well,  however,  to 
keep  close  watch  of  the  behavior  of  the  various  castings 
that  are  made  in  quantity,  and  to  have  the  patternmaker 
correct  the  pattern  for  any  variations  that  are  noticed  reg- 
ularly. It  is  recommended  by  some  engineers  that  an  allow- 
ance of  ^  inch  per  foot  be  made  for  all  patterns,  and  that 
after  a  trial  such  alteration  be  made  as  may  seem  necessary 
from  the  castings  thus  produced. 

S.  Sbrlakatcc  in  hard  castings  must  be  carefully 
watched.  Wherever  there  is  a  thin  6ange  next  to  a  heavy 
section,  the  thin  part  solidifies  first,  and  draws  away  the 
metal,  which  is  still  fluid  or  plastic,  from  the  heavy  mass 
next  to  it,  resulting  in  a  hole  or  spongy  spot  in  the  thick 
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portions  of  the  casting.  The  same  is  true  of  a  sharp  angle; 
there  is  generally  a  line  of  spongy  iron  just  where  it  should  be 
strongest.  This  is  not  to  be  wondered  at,  as  the  excessive 
shrinkage  of  white  iron  makes  it  much  more  difficult  to  get 
sound  malleable  castings  than  gray-iron  ones.  The  means 
of  prevention  are  the  use  of  fillets  wherever  possible,  the 
application  of  chills  of  gray  or  white  iron  in  the  worst  places, 
and  care  in  making  and  handling  the  mixture. 


CHBUICAL  COMPOSITION  OF  MALLBABLB  IBOM. 

9.     Elements  Contained  In  Malleable  Iron. — The 

elements  found  in  malleable  cast  iron  are  the  same  as  those 
in  gray  iron,  but  vary  in  quantity  and  in  their  distribution. 
The  composition  of  good  malleable  iron  should  be  within  the 
limits  indicated  in  the  following  table: 

Silicon 36  to  1.25  per  cent. 

Manganese 16  to    .30  per  cent. 

Phosphorus 08  to    .35  per  cent. 

Sulphur 02  to    .07  per  cent. 

Total  carbon' 1.50  to  4.30  per  cent. 

All  other  elements  remaining  between  the  limits  given, 
the  variation  of  the  silicon  must  be  closely  watched ;  .36  per 
cent,  is  used  for  the  heaviest  casting  of  thickest  section,  and 
1  per  cent,  for  the  lightest  work.  In  average  practice  the 
percentage  of  silicon  usually  lies  between  .5  and  .7  and  the 
total  carbon  is  sometimes  even  lower  than  1.5  per  cent. 

10>  Silicon  is  the  most  active  agent  in  the  malleable 
mixture.  A  bath  of  iron  having  1  per  cent,  of  silicon  and 
other  ingredients  normal  would  make  good  white  castings 
I  inch  thick  or  less,  mottled  castings  up  to  }  inch  thick,  and 
be  liable  to  make  gray  ones  in  thicker  work,  A  bath  with 
.35  per  cent,  of  silicon  will  make  a  piece  even  %  inches  thick 
nearly  white,  if  cast  hot  enough,  and  would  be  suitable  for 
all  castings  were  it  not  desirable  to  make  smaller  work 
with  a  higher  percentage  of  silicon  owing  to  the  difficulties 
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encountered  with  cold  iron  and  excessive  shrinkage.  For 
coupler  work,  therefore,  the  bath  should  contain  from  .35  to 
.55  percent,  of  silicon;  for  ordinary  castings  averaging^  inch 
in  thickness,  from  .45  to  .75  per  cent.,  preferably  .6  per 
cent.;  for  pipe  fittings  and  agricultural  work,  from  .75  to 
1  per  cent.,  preferably  .8  per  cent. ;  and  for  saddlery, hard- 
ware, scissors,  and  the  lightest  castings  it  may  contain 
from  1  to  1.35  per  cent. 

Samples  of  iron  should  be  furnished  the  laboratory  for  the 
purpose  of  determining  the  percentage  of  silicon  of  the 
heats.  These  samples  should  be  taken  from  about  the  tenth 
ladle,  and  again  at  the  end  of  the  heat.  The  iron  for  these 
is  poured  on  a  stick  of  wood  laid  across  a  pail  of  water,  and 
made  to  run  from  the  stick  into  the  water.  This  causes  it 
to  form  into  small  spherical  drops,  resembling  shot,  and  is 
said  to  shot  it.  The  water  should  be  thrown  off  quickly, 
and  the  sample  dried  in  a  hot  ladle,  thus  leaving  clean  dry 
shot,  which  is  then  pounded  fine  in  a  steel  mortar,  by  the 
chemist,  and  the  silicon  determination  made. 

11.  Manicaoese. — Of  the  various  constituents  of  a 
bath  of  iron,  manganese  burns  out  tirst.  Pig  irons  seldom 
contain  more  than  .8  per  cent,  of  manganese,  and  this  is 
reduced  to  from  ,15  to  .3  per  cent,  in  the  casting.  Too 
much  manganese  in  the  mixture  should  be  avoided,  as  the 
expense  involved  in  burning  it  out  is  quite  great.  The  excess 
of  manganese  is  paid  for  as  iron,  and  .5  per  cent,  burned  out 
means  in  itself  a  loss  of  7  to  10  cents  a  ton.  Manganese,  also, 
in  burning  out,  protects  the  silicon  for  a  time,  thus  prolong- 
ing the  heat,  and  if  the  temperature  is  high  enough,  it  helps 
to  remove  the  sulphur.  If  present  in  too  great  a  quantity, 
say  about  1.5  per  cent.,  it  hardens  the  iron  and  causes  trouble 
in  the  annealing.  For  these  reasons  it  is  advisable  in  pur- 
chasing pig  iron  for  a  malleable-iron  foundry,  to  specify  that 
it  shall  have  from  .6  per  cent,  to  .6  per  cent,  of  manganese, 
and  refuse  all  containing  over  .8  per  cent,  unless  it  is  to 
be  mixed  with  other  irons  low  in  manganese.  Iron  high  in 
manganese  may,  however,  in  the  absence  of  other  iron,  be 
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used  without  mixing  with  irons  low  in  manganese,  by  skim- 
ming the  bath  frequently  and  allowing  the  manganese  to 
burn  out.  The  purpose  of  the  skimming  is  to  maintain  a 
clean  surface  so  that  the  manganese  may  be  freely  oxidized. 

12.  Sulphur,  which  is  generally  known  as  the  enemy 
of  the  founder,  is  a  very  important  factor  in  the  malleable- 
iron  industry,  and  special  efforts  must  be  directed  toward 
keeping  it  out.  In  the  days  of  charcoal  irons  this  was  easily 
done,  but  at  the  present  time  blast  furnaces  making  Besse- 
mer iron  try  to  dispose  of  their  bad  casts  (generally  known 
a.Soff  casts,  or  off  heats)  to  malleable  works,  so  that  too  great 
care  cannot  be  exercised  in  the  purchase  of  iron.  When  a 
blast  furnace  is  not  working  well,  scaffolds— masses  of  ore, 
fuel,  and  flux  that  bridge  over  the  furnace — form,  the  limit 
of  .1  per  cent,  of  phosphorus  is  exceeded,  and  the  sulphur 
goes  above  .05  per  cent.,  so  that  the  steel  makers  cannot  use 
it.  In  fact  the  sulphur  will  be  found  to  be  .09  per  cent, 
more  often  than  .06  per  cent.,  and  if  this  material  is  used  in 
the  malleable  foundry,  serious  trouble  results  in  annealing, 
and  even  in  the  foundry.  It  is  therefore  advisable  to  insist 
on  having  the  analysis  of  irons  for  sulphur  made  by  the 
oxidation  method,  as  this  method  accounts  for  all  the  sul- 
phur in  the  iron;  the  easier  evolution  methods,  used  by 
many  chemists,  often  miss  as  much  as  half  the  sulphur 
present.  Sulphur  so  weakens  the  iron  that  it  is  not  able  to 
resist  the  internal  strains  always  present  in  the  hard  cast- 
ings, and  cracked  castings  are  produced.  The  cracks  in  the 
hard  casting  are,  before  annealing^often  visible  only  under 
the  microscope,  but  they  are  brought  out  by  the  annealing 
process  and  subsequent  finishing.  Sulphur  furthermore 
increases  the  difficulty  in  annealing.  It  makes  it  necessary 
to  subject  the  castings  to  a  higher  temperature  and  to 
maintain  the  heat  for  a  longer  period,  which  in  turn  causes 
greater  damage  to  the  castings.  Good  castings  have  been 
made  with  .1  per  cent,  of  sulphur,  but  this  is  the  exception 
and  not  the  rule.  It  is  best  to  use  irons  that  contain  not 
more  than  .04  per  cent,  of  sulphur,  and  preferably  not  over 
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.02  percent.    When  the  mixture  contains. OS  percent. of  sul- 
phur, or  over,  it  may  be  smelted  at  the  spout  of  the  furnace, 

1 3.  Pliospliorua  seldom  causes  trouble  in  the  manufac- 
ture of  malleable  iron,  as  the  irons  ordinarily  bought  do  not 
contain  more  than  .  175  per  cent. ;  charcoal  irons,  however, 
often  contain  more  than  .2  per  cent.  Iron  containing  more 
than  .25  per  cent,  should  not  be  used,  for  the  castings  are 
liable  to  be  cracked  and  warped;  besides  they  will  be  unable  to 
resist  the  heat  of  the  annealing  oven.  The  melting  point  of 
the  iron  is  lowered  by  the  presence  of  much  phosphorus, 
and  it  will  therefore  oxidize  considerably  in  annealing, 

14.  Carbon. — In  malleable-iron  work  three  forms  of 
carbon  must  be  dealt  with — combined  carbon^  graphitic 
carbon,  and  temper  carbon. 

Combined  carbon  is  carbon  that  has  entered  into 
chemical  combination  with  the  iron.  It  is  subdivided  into 
three  or  four  forms,  but  these  do  not  interest  the  malle- 
able-iron founder.  Hard  castings  should  have  all  their 
carbon  in  the  combined  form.  The  fracture  of  this  class 
of  iron  is  white,  somewhat  resembling  the  color  of  silver, 
shows  distinct  crystallization,  is  as  hard  as  tool  steel,  but 
is  very  brittle.  The  amount  of  combined  carbon  in  malle- 
able castings  varies  between  1.5  and  4.2  per  cent.  When 
charcoal  iron  was  generally  used,  and  it  is  still  used  in  some 
sections,  as  in  the  Lake  Superior  region,  4.3  per  cent,  carbon 
was  very  common.  The  advent  of  coke  irons  into  the  field, 
however,  caused  a  drop  in  this  element,  which  drop  has  since 
been  increased  by  the  addition  of  low-carbon  steel  clippings 
to  the  mixture.  The  percentage  of  combined  carbon  cannot 
run  much  above  4.2  per  cent.,  as  the  iron  is  then  nearly  satu- 
rated with  carbon ;  but  on  the  other  hand,  it  must  not  be 
allowed  to  fall  below  1.5  percent.,  otherwise  the  castings 
will  not  anneal  properly.  A  sharp  crystalline  outline  is  an 
indication  of  good  iron;  a  mushy,  indistinct  structure  usually 
means  weak,  oxidized,  unfinished  metal, 

1 5.  Graphitic  carbon  in  a  malleable  casting  is  unde- 
sirable   because   it    opens   the   structure;   this    causes  the 
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oxidation  in  annealing  to  penetrate  the  iron  and  weaken  it. 
If  the  amount  of  graphitic  carbon  present  is  sufficient  to 
make  the  fracture  of  the  hard  casting  so  mottled  that  it  shades 
into  a  light  gray,  the  annealed  piece  will  come  out  weaker 
than  if  it  were  an  ordinary  gray  casting.  Attention  to  the 
percentage  of  silicon,  temperature  of  the  bath,  and  details 
of  pouring,  will,  however,  avoid  this  trouble. 

16.  The  name  temper  carbon  was  given  to  this  form 
of  carbon  by  Professor  Ledebur,  a  German  authority,  who 
finding  it  only  in  malleable  castings,  which  in  German  are 
called  temper gus,  called  it  "  temper  "  carbon.  It  is  only  pro- 
duced by  converting  into  pure  carbon  the  combined  carbon 
of  white  castings.  In  doing  this,  the  casting  expands,  fre- 
quently, about  one-half  of  the  original  contraction  in  cooling 
in  the  mold,  A  network  of  soft  steel  is  formed  around  the 
particles  of  carbon  and  acts  as  a  cushion  to  blows  and  allows 
the  piece  to  bend.  The  iron  itself,  being  combined  with  nearly 
4  per  cent,  of  carbon,  now  becomes  freed  of  about  3^  per 
cent,  of  it  and  therefore  becomes  a  steel.  The  malleable 
casting  i::  then  really  a  piece  of  soft  steel,  but  with  about 
3f  per  cent,  of  carbon  placed  between  the  chains  of  crystals 
of  iron,  weakening  it  correspondingly,  but  leaving  it  twice 
as  strong  as  cast  iron.  Temper  carbon  is  not  present  in 
Sakes  like  graphitic  carbon. 

The  annealing  process  effects  this  remarkable  change, 
which  goes  on  whether  the  castings  are  packed  in  an  oxidi- 
zing medium  or  in  sand  or  fireclay.  While  the  total  carbon 
is  distributed  evenly  in  the  hard  casting,  it  is  not  so  in  the 
annealed  piece.  There  is  a  removal  of  carbon  from  the  skin 
of  a  malleable  casting,  which  extends  inwards  about  ^  inch. 
Herein  a  difference  between  American  and  European  prac- 
tice exists.  In  American  practice  the  annealing  process  is 
continued  only  until  the  combined  carbon  is  changed  to 
temper  carbon,  while  in  Europe  the  annealing  is  continued 
until  the  greater  part  of  the  carbon  is  removed;  this  can  be 
done  only  with  thin  castings,  the  fracture  of  which  will  look 
like  a  piece  of  broken  wrought  iron.     American  castings 
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have  a  velvety-black  interior,  a  IJglit-gray  band  at  the  sur- 
face, and  a  thin  white  skin ;  for  this  reason  Europeans  call 
American  malleable  castings  black  heart. 


IRONS  USED  IN  MAKING   MALLUABLB  CASTINGS. 

17.  The  plfc  Irons  used  in  malleable-iron  castings  may 
be  either  charcoal  or  coke  irons.  Charcoal  irons  are  the 
best,  owing  to  their  greater  freedom  from  oxidation.  In 
other  respects  coke  irons  make  equally  as  good  malleable- 
iron  castings. 

Charcoal  pig  irons  used  for  this  work  are  all  made  by  the 
warm-blast  process,  the  cold-blast  iron  being  entirely  too 
expensive.  Charcoal  irons  are  used  now  only  in  the  Lake 
regions  where  the  blast  furnace  is  near  the  foundry,  and 
freight  charges  are  not  too  great.  The  cost  of  the  charcoal 
irons  is  higher  than  that  of  the  coke  irons  and  the  latter  are 
therefore  generally  used,  except  in  localities  where  the  dif- 
ference in  cost  is  offset  by  the  relative  freight  rates,  or  other 
conditions  that  may  enter  into  their  use.  When  charcoal 
irons  are  used  they  are  usually  of  grades  running  from  No.  1 
down  to  No.  6.  Nearly  all  these  irons  are  now  sold  by  anal- 
ysis, and  the  following  table  will  show  the  percentages  of 
silicon  usually  found  in  each. 

TABLE    I. 


AMOUNT  OF  SILICON  IN  CHABCOAI.  IRON. 


Grade  of  Iron. 

Percentage  of 
Silicon. 

Grade  of  Iron. 

Percentage  of 
Silicon. 

3 

3 

1.35  to  1.50 
1.00  to  1.25 
.75  to  1.00 

4 

S 
6 

.50  to. 75 
.30  to  .50 
.10  to  .30 

In  the  market,  each  number  has  three  subdivisions,  as,  for 
instance.  No.  %  soft,  No.  %  medium,  and  No.  2  hard.     In 
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the  table,  the  upper  limit  of  silicon  corresponds  to  the  soft, 
the  lower  to  the  hard,  and  a  point  midway  to  the  medium. 
These  grade  numbers  are,  however,  gradually  disappearing, 

and  for  malleable  purposes  coke  irons,  having  been  intro- 
duced by  trained  metallurgists,  are  bought  only  by  analysis. 

18.  Many  malleable  works  have  stocks  of  all  numbers 
constantly  on  hand.  This  is  not  necessary,  for  the  higher 
numbers  are  used  only  in  case  the  castings  come  out  a  little 
gray.  With  well-regulated  mixtures  for  light  work,  such  as 
agricultural  castings,  the  stock  in  the  yard  should  be  about 
as  follows;  Pig  iron  running  1.5  per  cent,  silicon,  one-eighth 
of  the  entire  stock;  1.36  per  cent  ,  one-half  of  the  stock; 
1  per  cent.,  one-fourth  of  the  stock;  the  remainder  should 
have  .75  per  cent,  silicon.  For  the  heavier  grades  of  cast- 
ings the  relative  proportion  of  irons  containing  1.25  and  1  per 
cent,  of  silicon  are  reversed.  A  stock  book  should  be  kept 
and  the  quantities  of  iron  required,  which  quantities  are 
determined  by  experience,  ordered  periodically,  so  that  no 
shortage  may  occur  at  a  critical  moment. 

19>  Coke  pig  iron  is  known  in  the  market  under  various 
names — malleable  coke  and  malleable  Bessemer  are  the  most 
common.  The  malleable  coke  irons  are  made  especially  for 
the  malleable- iron  trade  and  are  usually  very  good.  Malle- 
able Bessemers  are  unsafe,  as  they  are  usually  made  up  of 
bad  heats,  as  has  already  been  explained.  When  making  a 
test  of  a  given  grade  of  iron,  the  mixture  should  contain  as 
much  of  the  iron  on  trial  as  possible;  the  gates  from  the 
heat  should  be  kept  separate,  and  also  the  bad  castings. 
Another  heat  should  then  be  made  with  the  same  mixture 
and  the  test  bars  broken.  If  the  results  are  up  to  the  aver- 
age, it  is  advisable  to  buy  the  iron ;  but  if  the  results  are  not 
up  to  the  average,  it  should  not  be  bought. 

The  specifications  for  the  four  varieties  of  pig  iron  kept  in 
stock,  whether  charcoal  or  coke,  should  be  as  follows:  Sili- 
con, (a)  1.5  per  cent.,  {d)  1.25  per  cent.,  (c)  1  per  cent., 
((/)  .76  per  cent. ;  manganese,  not  over  .8  per  cent,  for  all 
grades;    sulphur,   not  over  .04  per   cent,   for   all   grades; 
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phosphorus,  not  over  .225  per  cent,  for  aU  g^rades.  In  some 
cases,  however,  the  percentage  of  manganese  is  made  as  low 
as  .i  per  cent,  instead  of  .8.  Specifications  for  carbon  are 
not  necessary,  and  it  is  desirable  to  get  the  sulphur  as  low  as 
.20  per  cent.,  if  possible,  and  the  phosphorus  down  to  .1  per 
cent.  A  leeway  of  .05  per  cent,  of  silicon  is  allowable  either 
way.  In  piling  the  ironin  the  yard,  it  is  advisable  to  spread 
a  car  l6ad  in  line  on  the  ground,  then  spread  each  successive 
car  load  of  the  same  analysis  on  top.  In  using  the  iron,  it 
should  then  be  drawn  from  the  end  of  the  pile.  In  this 
way  a  good  average  of  the  iron  is  obtained,  poor  car  loads 
are  mixed  with  good,  and  the  composition  is  kept  uniform. 

20<  The  scrap  produced  in  the  malleable-iron  foundry 
is  of  two  kinds:  /tard,  ox  unannealed^  scrap,  which  includes  the 
gates  and  scrap  castings  that  come  from  the  trimming  room, 
and  malleable  scrap,  or  annealed  material  from  the  finishing 
rooms,  and  that  bought,  or  for  which  good  castings  have 
been  exchanged. 

Hard  scrap  should  be  tumbled  in  the  tumbling  barrels 
to  clean  off  all  the  foundry  sand  that  may  adhere  to  it;  this 
saves  fuel  in  melting  and  leaves  the  bath  cleaner.  It  is 
important  to  have  this  scrap,  or  sprues,  as  it  is  called  in 
malleable-iron  foundries,  well  mixed;  that  is,  if  two  or  more 
heats  are  made,  the  scrap  from  all  these  should  be  well 
mixed,  because  if  any  one  heat  should  be  burned,  the  scrap 
from  it,  if  it  went  entirely  into  one  heat,  would  spoil  that  also. 
When  scattered  through  the  scrap  of  several  good  heats,  how- 
ever, the  bad  effects  are  reduced  and  eventually  disappear. 

Aaacaled  scrap,  which  has  in  the  past  only  been  fed 
into  the  cupola  with  the  iron  for  pots  for  annealing  purposes, 
is  now  very  extensively  used  in  making  malleable  iron. 
When  the  malleable  scrap  is  very  rusty  it  should  be  fed  into 
the  pot  mixture,  as  it  might  cause  trouble  by  forming  pin- 
holes in  the  surface  of  malleable  castings. 

Steel  scrap  is  composed  of  plate  shearings,  old  files, 
shafts — in  fact  any  kind  of  steel  scrap  in  pieces  weighing  not 
over  260  pounds.  It  is  generally  added  to  the  mixture,  but 
in  some  cases  the  market  value  of  such  scrap  is  so  high  that 
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it  can  be  sold  and  other  materials  purchased  at  prices  that 
will  enable  malleable  iron  to  be  produced  more  cheaply. 

21.  Ferroslllcon  is  a  combination  of  iron  and  silicon, 
with  small  percentages  of  other  impurities.  It  is  sometimes 
looked  upon  as  an  iron  running  extremely  high  in  silicon. 
A  car  load  of  this  useful  material,  which  may  contain  from 
8  to  14  per  cent,  of  silicon,  should  always  be  kept  on  hand. 
It  often  happens  that  the  furnace  works  badly,  and  the  heat 
must  remain  in  the  furnace  longer  than  it  ordinarily  should. 
The  long-continued  heat  burns  out  much  of  the  silicon  and 
causes  the  absorption  of  gases  to  such  an  extent  that  the 
iron  is  ruined  for  all  casting  purposes.  The  addition  of 
from  150  to  600  pounds  of  ferrosilicon,  well  stirred,  or 
rabbled  in,  will,  however,  save  the  heat,  although  the  cast- 
ings made  are  not  so  strong.  The  heat  may  also  be  run 
into  pigs,  and  used  subsequently  with  the  sprues. 

IRON   MIXXURBS. 

22.  Classification  of  Malleable  Mtxtures.^The 
mixtures  used  in  raalleable-iroti  casting  depend  on  the  melt- 
ing process.  There  are  three  of  these  processes  in  use  in 
American  practice :  the  cupola,  the  coal,  or  air,  furnace,  some- 
times called  the  straight-draft  furnace,  and  the  open  hearth. 
A  fourth  process,  known  as  the  crucible  process,  is  no  longer 
used  in  America,  being  very  expensive,  although  in  Europe 
a  large  part  of  the  malleable  castings  are  still  made  by  it. 

23.  Cupola  Mixture. — The  mixture  for  the  cupola 
process  is  probably  the  easiest  to  keep  in  good  condition, 
as  the  amount  of  silicon  burned  out  is  quite  constant,  and 
amounts  to  about  .25  per  cent.  If  it  is  desired  to  hold  .6 
per  cent,  of  silicon  in  the  castings,  and  this  is  usually  the 
case  in  work  to  which  the  cupola  process  is  adapted,  the 
mixture  that  enters  the  cupola  must  contain  about  .86  per 
cent,  of  silicon. 

24.  Coal-Furnace,   or    Alr-Purnace,    Mixture. — 

With  this  processthereisatso  very  little  trouble  in  connection 
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with  the  mixture,  unless  the  blast  gives  out  or  the  fires  arc 
not  properly  attended  to.  As  this  is  seldom  the  case,  care 
must  be  taken  to  provide  only  as  much  silicon  as  is  required 
in  the  casting  and  the  amount  burned  out ;  the  latter  usually 
amounts  to  about  .36  per  cent.,  but  depends  in  part  on  the 
manner  in  which  the  furnace  is  run.  In  order  to  get  cast- 
ings with  .5  per  cent,  of  silicon  the  mixture  must  contain 
.85  per  cent,  of  silicon  when  it  enters  the  furnace. 

25.  Open-Hearth  Mixture. — The  mixture  for  the 
open-hearth  furnace  requires  the  closest  attention.  The  prod- 
uct of  this  type  of  furnace  is  superior  to  that  of  other  types, 
but  the  process  is  more  liable  to  irregularities.  The  amount 
of  silicon  burned  out  is  from  .3  to  .4  per  cent,  when  normal, 
and  may  occasionally  run  up  to  .75  per  cent.  It  is  therefore 
well  to  have  a  supply  of  ferrosilicon  in  a  box  close  to  the  fur- 
nace to  add  to  the  bath,  if  necessary,  but  it  should  be  used 
only  when  absolutely  necessary.  There  is  at  times  a  tempta- 
tion for  the  me  Iter  to  let  the  heat  drag  along  without  exert- 
ing himself  to  keep  it  rabbled  up,  and  then  cover  up  this  lack 
of  attention  on  his  part  by  the  addition  of  ferrosilicon. 

26.  Calculation  of  the  Malleable  Mixtures. — The 

first  step  in  calculating  the  proportions  of  the  mixture  is  to 
proportion  the  pig  iron  to  the  scrap.  In  normal  malleable 
practice  equal  quantities  of  these  are  used;  where  much 
heavy  work  is  made  more  pig  iron  is  used;  and  for  very 
light  work  more  sprues  are  required.  It  is  not  good  policy 
to  have  more  than  70  per  cent,  of  pig  iron  in  the  mixture,  as 
otherwise  the  castings  will  be  weak;  if  more  than  70  per 
cent,  of  sprues  are  used,  there  will  be  trouble  from  excessive 
contraction,  cracking,  and  incomplete  annealing. 

Suppose  50  per  cent,  of  scrap  is  to  be  used ;  this  may  be 
made  up  of  45  per  cent,  of  hard  sprues  and  6  per  cent,  of 
malleable  scrap,  or  where  the  open-hearth  process  is  used 
25  per  cent,  of  hard  sprues  and  25  per  cent,  of  malleable  scrap 
may  be  used,  the  remainder  of  the  mixture,  60  per  cent., 
being  pig  iron.  For  purposes  of  calculation,  malleable  scrap 
may  be  assumed  to  contain  .4  per  cent,  of  silicon.'    The 


^aovGoOt^lc 


14 


MALLEABLE  CASTING. 


8  61 


percentage  of  silicon  in  the  sprues  is  known  from  day  to  day 
through  the  laboratory;  let  us  suppose  for  illustration,  that 
it  is  .5  per  cent.  Nest  the  greater  part  of  the  pig  iron  is 
selected  from  the  stock  of  which  the  largest  quantity  is  on 
band,  say  iron  with  1  per  cent,  of  silicon.  The  remainder  of 
the  mixture  is  made  up  of  a  pig  iron  that  will  supply  the 
remainder  of  the  silicon  required.  The  amount  of  the  latter 
may  have  to  be  determined  by  trial,  especially  if  the  iron 
that  would  just  give  the  required  composition  is  not  at  hand. 
The  calculation  for  a  charge  of  30,000  pounds  for  a  10-ton 
heat  in  the  coal  furnace  is  made  as  follows:  Assuming  that 
9,000  pounds  of  sprues  and  1,000  pounds  of  malleable  scrap 
are  used,  we  have 


Total  Silicon. 
Pounds. 


Malleable  scrap. . 


If  there  should  be  on  hand  a  good  stock  of  Mabel  iron, 
running  1  per  cent.,  and  Briar  Hill  running  1.35  per  cent. 
of  silicon,  these  may  be  taken  in  the  following  proportions; 


Pounds. 

Per  Cent  of 
Silicon. 

Total  Silicon. 
Pounds. 

Mabel 5,ooo 

T.OO 

i>5 

SO.o 
37-5 

There  are  still  2,000  pounds  to  be  provided.  To  find 
out  what  can  be  used  it  is  necessary  to  see  how  many 
pounds  of  silicon  are  needed  to  give  .85  per  cent  in  the  final 
mixture.  This,  for  20,000  pounds,  would  be  170  pounds. 
Adding  the  amount  of  silicon  already  provided,  we  have 
136.5  pounds,  leaving  33.5  pounds  to  be  furnished  by 
2,000  pounds  of  pig  iron,  which  must  therefore  have  a  per- 
centage of  about  1.7  silicon.      As  there  is  no  pig  iron  with 
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this  high  percentage  of  silicon  in  stock,  it  is  necessary  to 
reduce  the  Mabel  and  increase  the  Briar  Hill,  The  object 
is  to  leave  just  enough  silicon  to  be  provided  for  by 
something  that  is  in  stock.  By  trying  a  few  times,  it  is 
found  that  3,000  pounds  of  Mabel  and  6,000  pounds  of 
Briar  Hill  will  give  proportions  of  silicon  that  can  be 
used,  as  indicated  by  the  following  calculation: 


Pounds. 

Per  Cent,  of 
Silicon. 

Total  Silicon. 
Pounds. 

3,ooo 

i.oo 

3° 

75 

When  added  to  the  original  49  pounds  from  the  scrap, 
this  will  give  154  pounds  of  silicon  out  of  the  170  required. 
This  leaves  16  pounds  of  silicon  and  1,000  pounds  of  iron 
yet  to  be  provided.  Seneca  iron  with  1.6  per  cent,  of 
silicon  will  supply  approximately  these  amounts.  Using  the 
Seneca  iron,  the  mixture  would  now  be  as  follows,  which 
gives  .846  per  cent,  of  silicon: 


P,.. 

Per  Cent,  of 
Silicon. 

Total  Silicon. 
Pounds. 

Sprues 

9,ooo 

3,ooo 
6,ooo 

I.OOO 
2O,OO0 

■50 

.40 

'■as 
t.so 

45 
4 
30 
75 
15 
169 

Malleable  scrap 

Mabel 

Seneca 

Total 

The  open-hearth  mixture  is  calculated  in  exactly  the  same 
way.  In  both  cases  100  pounds  steel  can  be  thrown  in  with- 
out upsetting  the  calculations.  In  the  cupola  mixture  the 
method  outlined  above  is  also  employed.  Here,  however,  it 
is  necessary  to  deal  with  small  charges  of,  say,  a, 000  pounds 
each,  these  being  charged  into  the  cupola  with  layers  of 
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coke  between  them.  The  charging  is  done  as  in  the  gray- 
iron  foundry,  with  the  exception  that  in  malleable  practice 
the  amount  of  coke  charged  should  be  double  that  used  for 
gray  iron,  or  i  pounds  of  iron  to  1  pound  of  coke,  instead  of 
8  pounds  of  iron  to  1  pound  of  coke.  This  is  necessary  to 
insure  iron  hot  enough  to  run  the  light  castings  to  which 
this  process  is  alone  adapted. 

27.  Pot  Mixture.— ;One  of  the  large  items  of  expense 
in  a  malleable  foundry  is  met  with  in  the  maintenance  of 
the  annealing  pots.  The  pots  last  from  four  to  twenty 
heats,  depending  on  their  composition.  As  they  are  wasted 
away  during  the  process  of  annealing,  they  are  practically  a 
dead  loss,  and  as  the  average  pot  weighs  300  pounds  this 
forms  quite  an  important  item. 

As  it  is  essential  to  have  an  iron  with  a  high  melting  point 
and  at  the  same  time  as  refractory  as  possible,  it  must  be  pure 
and  free  from  graphitic  carbon.  It  is  therefore  advisable  to 
use  the  regular  malleable  metal  whenever  there  is  too  much 
made,  and  more  than  enough  sprues  for  the  regular  mixture 
are  produced  in  the  regular  day's  run.  As,  however,  this 
would  not  give  enough  pots  to  last  the  annealing  room  1  day 
in  the  week,  it  is  necessary  either  to  increase  the  charge  of 
the  furnace  and  use  the  regular  malleable  mixture,  or  to  run 
a  cupola  especially  for  this  purpose.  The  pot  mixture  when 
melted  in  a  cupola  is  made  up  of  the  pig  irons  used  for  mal- 
leable castings,  and  as  much  malleable  scrap  as  it  will  carry, 
as  high  as  76  per  cent.,  if  necessary.  The  silicon  should  be 
.6  per  cent.,  and  such  a  mixture  would  consist  of,  say: 


Pounds. 

Per  Cent,  of 
Silicon. 

Total  Silicon. 
Pounds. 

Malleable  scrap  — 
Mabel     

3,000 

i.ooo 

6,ooo 

.40 

■75 

7-5 

Briar  Hill 

39-5 
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The  average  amount  of  silicon  in  this  mixture  is  .66  per 
cent. 

It  is  not  advisable  to  remelt  the  old  pots,  as  they  are  too 
heavily  oxidized.  Pieces  of  iron  too  large  to  be  charged  in  a 
furnace,  commonly  called  salamanders,  when  broken  up  small 
enough  to  go  into  the  charging  door  of  the  cupola  should, 
however,  be  utilized. 

28.  Pill-Heot  Mixture. — Another  mixture  used  in  the 
malleable- iron  industry,  when  the  open-hearth  process  is 
employed,  is  called  a  pill  heat.  It  is  used  when  it  is  neces- 
sary to  cut  down  the  bottom  of  the  furnace  or  hearth. 
About  3,000  pounds  of  pig  iron  containing  about  1.5  to 
3  per  cent,  of  silicon  is  melted  and  rabbled  about  the  bottom,  ■ 
washing  the  whole  space.  This  iron  gradually  oxidizes, 
unites  with  the  slag,  sand,  and  burned  iron  in  the  bottom, 
loosens  it,  and  forms  a  copious  slag.  When  the  whole  is 
tapped  out,  very  little  iron  is  left,  and  that  is  of  such  a  poor 
quality  that  it  should  only  be  fed  cautiously,  a  little  at  a 
time,  into  the  pot  mixture.  It  is  a  good  plan  also  to  add  a 
little  fluorspar  to  this  mixture  to  thin  it  down  while  in  the 
furnace. 


MALLEABLE-IRON    PRODUCTION. 


MELTING    PROCESSES    AND    EQUIPMENT. 

29.  ClasBlflcatlon    of    Melting     ProceHses.  —  In 

American  practice  the  iron  for  malleable  castings  is  melted 
almost  entirely  in  the  cupola,  the  coal,  or  air,  furnace,  or  the 
open-hearth  furnace.  As  the  melting  process  in  each  of 
these  is  somewhat  different,  this  subject  is  divided  under 
these  three  headings,  and  the  process  for  each  explained. 

30.  The  Cupola  Process. — Malleable  iron  melted  in 
a  cupola  has  the  disadvantage  of  an  extremely  close  struc- 
ture in  the  hard  casting;  this  causes  trouble  in  annealing. 
In  fact,  an  annealing  oven  charged  with  cupola  iron  always 

63B— U 
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requires  a  temperature  of  from  200°  to  300°  F.  above  that 
necessary  to  anneal  furnace  iron  in  order  to  effect  the 
change  of  carbon.  The  castings  are,  moreover,  not  as 
strong  as  those  made  of  furnace  iron,  and  hence  cupola  iron 
is  used  only  for  the  lightest  work  where  the  shape  is  more 
important  than  the  strength.  The  cost  is,  however,  about 
(  cent  less  per  pound  than  the  same  castings  made  of  fur* 
nace  iron,  and  for  this  reason  saddlery,  hardware,  pipe 
fittings,  bicycle  parts,  wagon  castings,  etc.  are  all  made  of 
cupola  iron.  Where  strength  is  essential,  as  in  the  case  of 
car  couplers,  motor  gears,  etc.,  and  steel  castings  are  too 
expensive,  furnace  malleable  is  always  used. 

The  process  of  melting  a  malleable  mixture  in  a  cupola  is 
the  same  as  that  for  melting  gray  iron,  which  is  fully 
described  in  Cupola  Practice.  As  has  already  been  stated, 
the  only  difference  between  the  mixture  used  in  cupola  prac- 
tice in  gray  iron  and  malleable  lies  in  the  amount  of  coke 
used.  In  the  best  average  practice  in  malleable-iron  work 
4  pounds  of  iron  is  charged  to  1  pound  of  coke.  A  larger 
proportion  of  coke  is  used  than  in  gray  iron  in  order  to 
insure  a  sufficiently  high  temperature  to  make  the  iron  run 
freely.  The  iron  should  be  so  hot  when  poured  that  it 
squirts  out  of  the  vents  in  the  molds. 

In  making  the  mixture  and  preparing  the  charge  for  the 
cupola,  it  is  important  that  the  pig  iron  be  broken  up  into 
small  pieces;  as  in  melting,  the  thin  sprues  melt  first  and 
go  to  the  bottom,  while  the  more  slowly  melting  pig  iron 
comes  down  afterwards.  If  the  cupola  is  tapped  out  into 
hand  ladles  instead  of  a  bull  ladle,  and  this  is  usually  the 
case,  in  order  that  the  iron  may  be  kept  as  hot  as  possible, 
there  is  every  Hkelihood  of  the  low-silicon  metal  getting  into 
the  molds  that  are  poured  first,  and  the  high-silicon  iron 
into  the  last.  Both  sets  of  castings  are  therefore  liable  to 
be  bad,  not  only  in  their  composition,  which  causes  trouble 
in  the  annealing  process,  but  the  castings  made  first  are 
made  entirely  of  scrap  and  the  last  entirely  of  pig  iron. 
The  scrap  castings  are  liable  to  crack  and  warp,  and  the 
pig-iron  castings  are  spongy  and  weak. 
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31.  Coal-Furaace,  or  Alr-Furaace,  Proceas. — The 
coal-fumace,  or  air-furnace,  process  mak<;s  better  mal- 
leable castings  than  the  cupola  process.  It  takes  longer  to 
prepare  the  heat,  but  allows  it  to  be  poured  more  quickly, 
thus  giving  the  molders  more  time  for  actual  molding.  It 
was  formerly  the  aim  of  every  malleable-foundry  owner  to 
put  in  coal  furnaces,  just  as  at  the  present  time  it  is  the 
aim  to  use  the  open-hearth  furnace.  The  disadvantage  of 
all  hearth  or  furnace  processes  as  against  the  cupola  lies  in 
the  greater  lack  of  flexibility,  a  furnace  not  being  econom- 
ical when  not  fully  charged.  The  expense  of  running  the 
cupola  is  less,  but  this  is  offset  by  the  better  grade  of  castings 
produced  by  the  furnace  processes.  A  breakdown  of  the 
cupola,  also,  is  more  serious,  and  the  delay  longer.  The  first 
cost  of  the  coal  furnace  is,  however,  greater  than  the  cupola, 
and  the  open-hearth  furnace  is  still  more  expensive. 

The  coal-furnace  process  is  carried  out  in  several  ways. 
In  the  simplest  of  these  the  ordinary  reverberatory  furnace, 
which  is  illustrated  in  Fig.  1,  is  used.  Although  it  has  been 
almost  entirely  superseded  by  other  forms,  it  is  the  least 


complicated  form  of  furnace  and  is  still  used  in  some  malle- 
able foundries.  As  the  air  is  supplied  by  natural  draft,  the 
melting  is  necessarily  slow.  The  iron  is,  however,  for  this 
reason  not  subjected  to  the  serious  oxidation  of  a  blast,  and 
better  castings  are  therefore  produced.  Excessive  oxida- 
tion causes   pinholes  in  the  surface  of   the  castings,  and 
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these  are  avoided  by  this  process.  The  better  grade  of  fit- 
tings,  skates,  pistols,  and  all  articles  requiring  subsequent 
polishing  seem  to  give  least  trouble  when  melted  in  this 
slow,  although  expensive,  way. 

32.  Coastructlon  of  Coal,  or  AIFi  Puraace. — In 
the  furnace  shown  in  Fig.  1,  a  is  the  ash-pit,  at  the  front  of 
which  are  located  the  ash-pit  doors  used  for  cleaning  the 
fires.  The  door  opening  should  extend  far  enough  above 
the  grate-bar  rests  to  permit  the  grate  bars  to  be  drawn  out 
when  the  fire  is  dumped.  The  grate  is  shown  at  b,  with 
the  firing  door  just  above;  c  is  the  bridge  wall  over  which 
the  flames  travel,  striking  the  roof,  and  reflecting  heat 
downwards  on  the  charge,  which  is  piled  on  the  sand  bot- 
tom d.  When  melted,  the  charge  is  tapped  but  at  e\ 
f,f  &T&  poke  holes  through  which  the  charge  is  rabbled  and, 
if  desired,  poled  with  green  hickory  poles;  h  is  the  skim- 
ming and  charging  door,  the  bottom  of  which  is  on  a  level 


with  the  top  of  the  bath  of  melted  iron.  The  roof  ^consists 
of  a  series  of  brick  arches,  about  9  inches  thick  and  about 
13  inches  wide,  constructed  as  shown  in  Fig.  2.  These 
arches,  commonly  called  bungs,  can  be  repaired  easily 
when  burned  out  or  broken,  and  when  lifted  off  leave  the 
whole  furnace  bottom  exposed  for  remaking  or  repairs.  The 
sides  of  the  furnace  are  usually  formed  of  cast-iron  plates, 
to  which  are  attached  the  charging  and  skimming  doors  and 
the  firing  apron;  the  plates  are  properly  held  together 
with  buckstaves  and  tie-rods,  and  are  lined  with  firebrick, 
which  must  be  of  the  first  quality. 

33.     There  should  be  no  sharp  corners  in  the  furnace 
interior,  as  the  brick  at  the  corners  would  soon  burn  off. 
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Expensive  repairs  at  the  base  of  the  stack,  for  instance,  can 
easily  be  avoided  by  rounding  the 
shown  at  i,j,  and  k.  Fig.  1, 
instead  of  making  them 
sharp,  as  shown  by  the  full 
lines  in  Fig.  3.  The  dotted 
lines  in  Fig.  3  show  how, 
when  the  corners  are  left 
square,  the  flames  cut  out  the 
brick  after  a  few  weeks'  run. 
34.  The  other,  and  more 
generally  used,  forms  of  the 
reverberatory,  or  coal,  or 

straight-draft,  furnace,  as  it  is  sometimes  called,  differ 
from  the  simple  form  just  illustrated  only  in  the  addi- 
tion of  an  air  blast  to  hasten  the  melting  process.  Two 
modifications  of  this  more  modern  type  are  in  use.  In  the  . 
first  the  blast  is  introduced  into  the  ash-pit,  as  shown  at  a. 


Pig.  4;  while  in  the  second  modification,  an  additional  air 
blast  is  introduced  over  the  bridge  wall,  as  shown  at  b,  the 
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object  of  the  second  blast  being  to  force  the  Same  down 
upon  the  iron  and  complete  the  combustion.  The  fire 
obtained  by  means  of  this  arrangement  is  very  hot,  and  the 
time  required  to  do  the  melting  is  very  much  shortened 
thereby,  it  being  possible  by  this  method  to  melt  a  charge 
of  about  7  tons  in  about  4  hours,  while  with  the  natural- 
draft  system  it  might  take  nearer  7.  It  is  at  the  present 
time  used  more  extensively  than  any  other  method,  although 
the  very  high  temperature  of  the  flame  is  rather  hard  on 
the  iron. 

In  Fig.  4  the  bungs  do  not  extend  over  the  grate,  this 
part  being  arched  over  with  brickwork.  Practice  differs 
somewhat  in  this  respect,  some  malleable-iron  founders  pre- 
ferring this  construction,  while  others  prefer  to  have  the 
bungs  extend  clear  to  the  front  of  the  furnace,  as  shown  in 
Fig,  I.  The  blast  pipe  c,  Fig.  4,  is  usually  made  of  galva- 
nized iron,  the  bends  being  made  of  a  radius  equal  to  the 
diameter  of  the  pipe.  The  blast  gates  </  and  /  are  simply 
dampers  inserted  in  the  pipe.  The  blast  should  be  brought 
in  at  the  side  of  the  furnace  in  order  to  allow  the  ash-pit 
doors  to  be  placed  at  the  front.  This  will  enable  the  fires  to 
be  drawn  more  easily.  In  Fig.  4,  the  blast  pipe  is  shown 
at  a  instead  of  on  the  side  of  the  furnace  in  order  to  simplify 
the  illustration. 

35.  Fig.  6  shows  the  type  of  furnace  ordinarily  used  in 
a  malleable -iron  foundry ;  a  is  the  grate,  d  the  fire-door  and 
apron,  c  the  ash-pit  doors,  li  the  blast  pipe,  e  the  bridge  wall, 
y  the  hearth,  g;  g  the  tapping  spouts,  k,  h  the  charging 
doors,  1  the  chimney  flue,  y,/the  bungs,  k  the  cast-iron 
plates  forming  the  outside  of  the  furnace,  /  the  brick  lining, 
m  the  buckstaves,  and  n  the  tie-rods.  When  more  than  one 
heat  is  taken  from  a  furnace  in  a  day,  one  bung  at  the 
middle  may  be  made  of  double  width  to  facilitate  the  char- 
ging when  the  furnace  is  hot. 

36.  The  most  important  part  of  a  furnace  is  the  bottom, 
or  the  sand  hearth  d.  Fig,  1.  Owing  to  the  higher  temper- 
ature to  which  it  is  subjected,  the  bottom  of  the  open-hearth 
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furnace  requires  much  more  attention  than  that  of  the  coal 
furnace.  If  the  bottom  is  put  in  rightly  when  the  furnace  is 
first  built,  it  is  generally  necessary  to  repair  it  only  after 
every  second  or  third  heat.  The  material  used  for  the 
bottom  is  fire-sand,  which  is  a  very  sharp  sand  containing 
nearly  100  per  cent,  of  pure  silica,  although  it  may  contain 
up  to  1  per  cent,  of  lime,  iron,  and  clay.  It  is  often  a  ground 
sandstone.  When  the  intense  heat  has  played  on  the  bottom 
for  a  short  time,  a  crust  forms  on  the  surface;  this  prevents 
the  sand  from  rising  up  and  floating  on  the  bath  of  melted 
iron.  If  the  sand  were  permitted  to  float,  the  iron  would 
speedily  cut  its  way  through  the  bottom  into  the  furnace  pit. 
When  this  begins,  and  in  fact  in  all  other  emergencies,  the 
best  available  method  must  be  used  to  stop  the  flow  of  iron. 
Each  case  requires  individual  treatment,  and  no  method  that 
will  be  applicable  generally  can  be  described.  The  necessity 
of  each  case,  however,  requires  means  to  stop  the  flow  as 
quickly  as  possible,  either  by  the  application  of  molding 
sand  or  even  a  stream  of  water,  if  it  can  be  applied  without 
disastrous  consequences. 

37.  While  the  bottom  of  a  furnace  is  the  most  important 
part,  the  roof,  usually  called  the  cro^n,  must  also  be  looked 
after  carefully.  A  small  pneumatic  crane  installed  next  to 
the  furnace,  to  lift  the  bungs  or  individual  sections  of  the 
crown,  swing  them  over  the  furnace,  and  run  them  out  into 
position,  will  be  found  of  very  great  service.  Another 
arrangement  for  handling  the  bungs  is  to  support,  length- 
wise over  the  furnace,  an  I  beam  equipped  with  a  hand- 
operated  chain  hoist  that  travels  upon  it;  this  is  the  older 
method,  and  it  is  gradually  being  displaced  by  more  modern 
and  more  rapid  methods.  The  bungs  when  placed  into  posi- 
tion are  carefully  mudded  up  so  that  no  heat  may  escape  or 
cold  air  be  drawn  in.  This  Is  done  with  fireclay  mixed  with 
sand,  wetted  down,  and  worked  into  a  plastic  mass, 

38.  The  preparation  of  the  filling  in  which  the  tap  hole 
is  formed,  commonly  called  the  breast,  requires  great  care; 
for  if  it  should  give  away  while  tapping  the  whole  heat  would 
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run  on  the  floor,  and  if  the  roof  of  the  building  should  be 
made  of  wood,  it  would  probably  burn  down  the  whole  foun- 
dry. The  best  material  for  making  the  breast  is  fire-sand 
ttiat  has  been  mixed  with  a  little  fireclay  to  bind  it,  and 
enough  coke  dust  to  allow  it  to  be  easily  broken  out.  A 
common  bod  stick,  similar  to  that  used  with  a  cupola,  is  ' 
used  to  close  the  tap  hole.  Graphite  sleeves  and  stoppers 
for  the  tap  hole,  shown  in  Pig.  6,  are  now  on  the  market, 


the  sleeve  a  being  built  into  the  breast,  and  the  stopper  b 
mounted  on  a  rod,  as  shown.  The  stopper  is  held  against 
the  spout  while  the  stream  is  running  and  serves  to  check 
and,  if  necessary,  to  stop  the  flow.  Where  more  than  one 
beat  is  taken  in  a  day,  the  breast  is  made  substantial  enough 
to  last  for  the  day's  work.  Great  care  must  be  taken  in 
tapping  after  the  first  time,  as  iron  that  has  become  chilled 
may  have  lodged  on  the  inside,  and  some  heavy  driving  may 
be  required  to  loosen  it  and  crowd  it  inwards.  This  often  so 
injures  the  breast  that  the  heat  runs  out  and  is  lost.  The 
making  of  an  extra  breast  is  an  expensive  operation  and 
requires  considerable  time ;  it  is  therefore  naturally  avoided 
whenever  possible. 
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When  the  sleeve  and  stopper  are  not  used  in  preparing  the 
breast  and  running  out  the  heat,  the  tapping  hole  is  pre- 
pared exactly  as  in  cupola  practice.     Several  bod  sticks  are 


kept  on  hand;  these  are  usually  made  of  iron  of  the  type 
shown  in  Fig.  7. 

39.  The  spout  of  a  malleable  furnace  is  longer  than 
that  used  on  a  cupola;   it  is  placed  about  2  feet  H  inches 

above  the  floor  level.  Large 
furnaces  may  have  two  spouts, 
one  on  each  side,  the  bottom 
being  shaped  as  shown  in  Fig.  8. 
This  is  done  to  get  out  a  large 
heat  in  as  short  a  time  as  possi- 
^°'  *  ble.    The  construction  of  the  coal 

furnace  and  its  usual  position  in  the  foundry  allow  a  spout 

to  be  provided  at  each  side. 

40.  Char|[lnc  the  Coal  Furnace. — In  charging  upon 
a  cold  bottom,  the  bungs  of  the  furnace  are  usually  taken  off 
in  order  to  repair  the  bottom  if  necessary,  and  make  room 
for  charging.  If  the  bottom  is  newly  made,  old  boards  are 
laid  on  the  sand  to  prevent  the  iron  from  making  holes  before 
the  surface  of  the  sand  has  hardened.  The  scrap  or  sprues 
from  former  heats,  including  scrap  castings,  is  put  in  first. 
This  is  either  shoveled  in  from  a  pile  on  the  floor  or  brought 
from  the  scouring  room  in  boxes,  which  are  taken  up  by  two 
or  four  men  and  emptied  into  the  furnace.  The  scrap  is 
then  leveled  and  pig  iron  thrown  in.  It  is  a  good  practice 
to  arrange  the  pig  iron  in  regular  piles  perpendicular  to  the 
longitudinal  axis  of  the  furnace,  piling  it  up  like  cord  wood, 
beginning  at  the  bridge  wall  and  ending  at  the  throat  or 
entrance  to  the  stack.  The  object  of  this  piling  is  to  facili- 
tate the  melting  operations.  The  first  to  melt  is  the  scrap, 
because  it  is  comparatively  thin  and  has  a  low  melting  point, 
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being  white  iron.  In  the  meantime  the  stack  of  pig  iron, 
which  is  directly  in  the  current  of  the  flame,  is  getting  ready 
to  melt  down.  The  melter  must  then  take  his  bar  and  throw 
down  the  end  pigs  into  the  melted  bath,  where  they  are  soon 
assimilated.  With  a  nice  orderly  pile  this  is  comparatively 
easy,  but  with  a  pile  of  pigs  thrown  every  way,  it  ts  very 
bard,  and  one  must  wait  until  the  whole  sinks  down  into  a 
semifluid  mass,  which  with  much  rabbling  will  gradually 
yield  and  mix  into  a  homogeneous  body  of  melted  iron,  but 
a  valuable  half  hour  will  have  been  lost. 

If  more  than  one  heat  is  taken  in  a  continuous  run,  the 
charging  is  usually  done  by  removing  the  charging  bung, 
and  charging  the  sprue  and  pig  iron  through  the  opening 
thus  made.  A  portion  of  the  iron  may  also  in  this  case  be 
charged  through  the  skimming  door,  using  for  this  purpose 
a  short  peel,  which  is  described  later  on. 

It  takes  from  J  hour  to  IJ  hours  to  charge  a  10-ton  heat. 
When  steel  is  added  to  the  mixture,  it  should  be  introduced 
after  the  metal  has  just  melted  and  is  covered  with  slag. 
Malleable  scrap  should  be  charged  on  top  of  the  hard  scrap 
and  just  under  the  pig  iron.  The  limited  gray-iron  scrap 
accumulated  by  the  malleable  foundry  can  also  be  fed  in  a 
little  at  a  time  without  injury  to  the  resulting  metal. 

41.  Melttns  and  Reflatag. — When  the  temperature 
of  the  bath  becomes  high  enough  to  cause  oxidation  in  the 
bath  itself,  a  refining  process  takes  place.  Considerable  oxi- 
dation has  probably  been  going  on  during  the  melting  down 
of  the  pile  of  pig  iron,  as  the  scintillation  noticeable  as  the 
flame  sweeps  over  the  pile  indicates  a  combination  of  iron 
with  oxygen.  This  results  in  a  loss  of  silicon  before  the  bath 
is  uniformly  fluid.  As  the  bath  is  heated  up,  it  becomes 
more  fluid  and  the  slag  begins  to  separate  and  float  on  top, 
forming  an  effective  protection  for  the  iron  while  the  heat- 
ing is  continued.  When  the  bath  is  hot  enough  to  show 
distinct  signs  of  boiling,  a  reaction  is  going  on  within,  the 
oxygen  present  uniting  with  the  silicon  and  manganese  and 
entering  the  slag  as  oxides  of  silicon  or  manganese.     It  is 
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now  time  to  hasten  this  reaction  and  utilize  the  affinity  of 
silicon  for  oxygen  to  partially  burn  out  the  silicon.  This 
gives  an  interior  heat  that  raises  the  temperature  of  the 
metal  quicker  than  any  firing  will  do.  The  bath  is  therefore 
skimmed,  by  means  of  a  special  skimming  tool,  shown  in 
Pig.  9  (a),  which  is  well  daubed  with  clay  wash  and  dried. 


Another  form  of  skimming  tool,  shown  in  Fig.  9  (6),  may 
be  made  from  a  piece  of  |"  x  3"  flat  iron,  drawn  down  to 
H  inches  on  one  end,  and  bent  over  at  the  flat  end,  as 
shown.  This  tool  is  easily  made  and  lasts  longer  than  the 
form  shown  in  Fig.  9  (a). 

The  slag  is  skimmed  off  the  bath  and  drawn  out  of  a  door 
in  the  side  of  the  furnace  provided  for  that  purpose,  after 
which  it  is  wet  down  with  water  and  removed.  The  bath  is 
now  clean  and  greedily  absorbs  the  oxygen  from  the  car- 
bonic oxide  and  the  free  oxygen  carried  with  the  burning 
gases  from  the  fuel.  The  combination  of  oxygen  with  the 
contents  of  the  bath  generates  heat  and  the  iron  rapidly 
becomes  highly  overheated.  It  is  now  necessary  to  skim 
again,  as  the  burning  out  of  silicon  makes  slag,  as  does  also 
the  oxide  of  iron  that  is  formed  continually  and  combines 
with  the  sand  of  the  bottom  and  sides.  A  test  plug  should 
also  be  taken  at  this  stage.  Any  iron  in  the  slag  may  be 
saved  by  rolling  the  latter  in  a  cinder  mill  and  washing  it, 
which  leaves  the  iron  that  has  been  skimmed  off  in  the  form 
of  small  shot  free  in  the  mill,  the  slag  having  been  carried  off. 

42.  A  test  plufE  is  a  test  bar  of  iron  about  1^  inches  in 
diameter  and  about  8  inches  long,  made  in  a  mold  formed 
by  forcing  a  tapered  piece  of  wood  of  about  this  size  into  a 
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box  fuil  of  molding  sand.  A  furnace  dipping  ladle  shown  in 
Fig,  10,  which  has  previously  been  well  daubed  with  clay 
wash  and  dried,  is  now  taken  and  melted  iron  dipped  from 
as  low  a  point  in  the  bath  as  the  melter  can  reach  by  push- 
ing the  ladle  downwards.     This  is  poured  into  the  hole 


no.  10. 

made  in  the  molding  sand  and  allowed  to  set.  As  soon  as 
the  iron  will  hold  together  it  is  drawn  out  with  a  pair  of 
special  tongs  and  cooled  very  slowly  by  dipping  into  a  water 
tank,  commonly  called  the  water  bosk,  which  is  always  kept 
near  the  furnace  for  the  purpose  of  cooling  the  long  and 
heavy  poking  bars. 

In  order  to  prevent  too  rapid  cooling,  it  is  advisable  to 
plunge  the  bar  into  the  water  and  withdraw  it  quickly,  allow 
it  to  turn  red,  then  dip  it  again,  and  repeat  this  operation 
until  it  is  cool;  this  should  occupy  about  7  or  8  minutes.  If 
it  is  cooled  too  rapidly,  one  is  liable  to  be  deceived  regarding 
the  condition  of  the  iron  in  the  furnace.  Sudden  cooling 
chills  the  iron  and  causes  the  fracture  to  appear  white  even 
when  the  iron  is  not  of  the  right  composition. 

When  the  test  bar  has  been  cooled  it  is  broken  by  striking 
it  sharply  against  some  iron  corner  and  the  fracture  carefully 
observed.  If  it  shows  good  radial  crystals  with  little  or  no 
mottling  in  the  center,  the  heat  is  ready  to  tap.  If  the 
plug  is  heavily  mottled  or  even  gray,  the  bath  is  either  too 
cold  or  has  too  much  silicon  in  it.  It  is  then  necessary  to 
hold  the  heat  anywhere  from  10  minutes  to  I  hour  longer, 
the  less  the  better  for  the  iron.  Tests  are  made  from  time 
to  time  until  the  desired  fracture  is  obtained,  after  which 
the  tapping  is  proceeded  with  at  once. 
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If,  on  the  other  hand,  the  plug  is  perfectly  white  no  time 
should  be  lost  in  tapping.  If  the  heat  has  gone  too  far,  the 
plug  will  show  little  pinholes  along  the  edgeorskin.  If  this 
is  the  case,  it  is  advisable  to  add  some  ferrosilicon,  say  about 
150  pounds  or  more,  depending  on  the  circumstances, 
broken  up  into  small  lumps.  This  should  be  stirred  or 
rabbled  in  well,  the  heat  held  about  5  minutes,  and  then 
tapped. 

43*  Rabbltns  tbe  Charge. — During  the  heat  a  good 
melter  will  rabble  the  iron  at  as  frequent  intervals  as  possi- 
ble. The  frequency  with  which  this  may  be  done  is  deter- 
mined  by  the  endurance  of  the  melter,  the  work  being 
exceedingly  trying.  By  stirring  frequently  the  bath  is  kept 
uniformly  mixed  and  the  chemical  reaction  promoted.  The 
rabbling  bars  are  often  made  of  l^inch  round  wrought  iron, 


about  16  feet  long,  and  of  the  form  shown  in  Fig.  11. 
Pieces  are  welded  on  as  the  end  wears  away.  Bars  of  the 
above  diameter  are,  however,  rather  heavy,  and  in  some 
foundries  a  1^-inch  bar,  with  the  end  bent  over  about 
8  inches,  is  preferred.  Steel  bars  are  also  used  quite  exten- 
sively in  some  fouiidrie:;,  as  they  are  much  cheaper  than 
wrought  iron,  although  they  melt  off  more  rapidly. 

44.  Plrlnc  tbe  Coal  Furnace. — It  is  very  important  . 
that  a  continuous  intense  flame  be  maintained  upon  the 
charge  of  iron  in  the  furnace.  It  is  usually  found  econom- 
ical, and  the  best  results  are  obtained  by  wetting  down  the 
coal,  which  is  then  shoveled  upon  the  firing  apron.  The 
bed  of  coal  upon  the  grate  bars  should  be  leveled  off,  the  coal 
pushed  to  the  farther  end  of  the  firebox,  and  stirred  or 
raked  continuously  by  meansof  a  small  firing  hook,  which  is 
similar  in  form  to  the  slice  bar  used  in  firing  a  boiler.  ■  Con- 
tinuous firing  is  necessary. 
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The  apron  on  which  the  coal  is  shoveled  consists  of  a  cast- 
iron  plate  or  trough  bolted  to  the  side  of  the  furnace,  and 
arranged  to  slope  downwards  toward  the  grate  at  an  angle 
of  about  30°. 

A  good  grade  of  soft  coal  should  be  used,  preferably  rich 
in  gas-maktng  qualities  and  free  from  sulphur.  With  good 
firing  and  a  well-proportioned  blast,  it  should  not  require 
more  than  60  pounds  of  coal  for  each  100  pounds  of  iron 
melted. 

When  more  than  one  heat  is  taken  from  the  furnace  before 
cooling  down  and  repairing  the  bottom,  the  fires  must  be 
cleaned  between  the  heats,  dumping  all  the  ash  and  cinder 
into  the  ash-pit,  and  kindling  a  new  fire  upon  the  grate.  If 
this  is  not  done,  the  air  spaces  between  the  grate  bars  become 
so  choked  that  it  is  impossible  to  obtain  proper  combustion, 
which  results  in  a  cold  heat  and  bad  iron. 
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MALLEABLB-IRON   PRODUCTION, 

(Continued.) 


OPEN-HBARTH  MELTING  PROCESS. 
1 .  General  Construction  and  Operation  of  Open* 
Hearth  Furnace.  —  The  open-taeartb  process,  also 
called  the  Siemens-Mart  to  Process,  takes  its  name 
from  the  style  of  furnace  used,  which  is  known  as  the 
open-hearth,  or  regenerative,  furnace,  and  in  modern  prac- 
tice invariably  uses  gas  or  oil  as  a  fuel.  This  style  of 
furnace  is  called  regenerative,  because  a  portion  of  the 
heat  of  the  waste  gases  is  returned  to  the  furnace  with  the 
incoming  air  and  gas.  In  this  style  of  furnace  the  ingoing 
air  and  gas,  when  gas  is  used,  is  heated  by  the  hot  gases 
as  they  leave  the  furnace.  This  is  accomplished  by  the 
arrangement  illustrated  in  Fig.  1,  which  shows  a  section 
through  an  open-hearth  furnace  constructed  for  the  use  of 
gas.  In  this  illustration  a  is  the  hearth;  b  the  crown  or 
roof;  c,  c,  c  the  charging  doors;  d,  d'  air  ports;  e,  ^  gas 
ports ;  /, /'  and g^  g'  chambers,  commonly  called  regenerative 
chambers,  filled  with  checkerwork,  which  consists  of 
special  checker  brick,  about  'l\  in,  x  2J  in.  x  9  in.  in  size, 
laid  up  loosely  in  alternate  layers  about  1^  inches  apart; 
h,  h'  are  air  inlet  flues ;  and  i,  i'  gas  inlet  flues.  The  flues  A,  h 
§53 
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and  i,  i'  are  connected  with  pipes  and  valves  that  are  so 
arranged  that  the  incoming  air  and  gas  may  be  made  to 
enter  either  side  of  the  furnace  at  the  will  of  the  operator, 
while  the  burned  gases  go  out  at  the  other  side.  When  the 
air  and  gas  enter  at  (/and  e,  the  burned  gases  go  out  at  il' 
and  *■',  and  in  circulating  through  the  checkerwork  in  the 
chambers/'  and^'  heat  the  brick  to  a  high  temperature. 
If  the  direction  of  the  gases  through  the  furnace  is  reversed, 


the  cold  air  and  gas  will  pass  in  through  the  chambers  f 
and  g'  and  will  take  up  the  heat  previously  given  to  the 
brick,  thus  entering  the  furnace  at  a  high  temperature;  the 
burned  gases  now  pass  out  through  the  chambers /and^ 
and  heat  the  checkerwork  in  them.  By  reversing  the  direc- 
tion of  the  gases  at  suitable  periods,  they  will  always  enter 
the  furnace  in  a  highly  heated  condition,  thus  creating  a 
flame  of  a  very  high  temperature  and  saving  a  large  amount 
of  heat  that  would  otherwise  have  passed  up  the  chimney 
and  been  lost. 

2.  The  arrangement  of  the  gas  and  air  piping  outside  of 
the  furn.ice  is  shown  in  Fig.  2.  The  ends  //,  h'  and  (',  »' 
connect  with  the  flues  marked  with  these  letters  in  Fig.  1. 
At  _/'andy  are  two  valves,  by  means  of  which  the  ingoing 
gases  may  be  made  to  enter  either  side  of  the  furnace,  and 
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the  burned  gases  made  to  go  out  at  the  other  side,  through 
the  valves  and  the  flue  k  to  the  chimney  /;  a  plate  damper  is 


ler 


3250: 


placed  in  the  chimney  flue  k  to  regulate  the  draft.  The 
valves y,y',  commonly  called  SUmetis  valves,  are  constructed 
as  shown  in  Fig.  3,  in  which 
«  is  a  disk  valve,  which  is  ^^s^ 

situated  in  a  suitable 
chamber  above  the  cast- 
ing q,  through  which  the 
air  or  gas  enters;  m  is  a 
butterfly  valve;  0,0'  are 
openings  that  connect  with 
the  pipes  leading  to  the  fur- 
nace; p  an  opening  that  connects  with  the  flue  leading  to 
the  chimney;  and  q  a  casing  enclosing  the  valve  n. 

Suppose  that  the  valve  shown  is  connected  aty'.  Fig.  8,  so 
that  the  opening  o  connects  with  k,  and  0'  with  k'.  When 
the  valve  n  is  in  the  position  shown,  the  air  enters  the 
valve  m,  passes  through  the  opening  o,  through  the  flue  A, 
Fig.  3,  the  chamber  /,  and  flue  d.  Fig.  1,  to  the  furnace. 
The  gas  enters  through  a  similar  valve,  passes  through 
the  flue  /,  the  chamber^,  and  flue  e  to  the  furnace.  The 
hot  air  and  hot  gas  meet  and  combustion  takes  place  as 
they  emerge  from  flues  (/and  e.  The  burned  gases  divide 
as  they  leave  the  furnace  and  pass  out  through  the  flues 
d'  and  e'.  The  part  that  goes  out  through  d'  passes  through 
the  chambery,  the  flue  //',  into  the  valve/'  at  o',  Fig.  3,  and 
out  through  the  opening  /  to  the  chimney,  and  the  part  that 
goes  out  through  e'  takes  a  similar  course  through  the  valveyi 
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into  the  chimney.  It  will  be  seen  that  when  the  butterfly 
valves  «,  Pig.  3,  are  turned  to  the  position  shown  by  the 
dotted  lines,  the  air  and  gas  pass  through  the  valves  m, 
through  the  openings  o'  into  the  furnace,  and  the  burned 
gases  enter  the  valves  at  o  and  pass  out  of  the  openings/  to 
the  chimney.  The  direction  of  the  air  through  the  furnace 
is  thus  reversed. 

3.  The  burning  gases  give  up  most  of  their  heat  in  the 
melting  chamber.  They  are,  however,  still  very  hot,  about 
3,000°  F.,  as  they  pass  into  the  regeoerative  chambers. 
The  cold  brick  checkerwork  absorbs  a  large  part  of  this 
heat,  leaving  the  temperature  about  800°  F.  when  the  gases 
leave  the  chambers.  The  brick  gradually  becomes  hotter 
and  the'  gases  going  up  the  stack  also  become  hotter,  as 
they  cannot  give  up  as  much  heat  to  the  hot  as  to  the  cold 
brick.  Hence,  in  about  20  minutes,  it  is  no  longer  econom- 
ical to  let  the  gases  flow  in  the  same  direction  and  the  butter- 
flies of  the  Siemens  valves  are  reversed.  The  cold  gas  and 
air  have  been  given  some  1,300°  F,  before  they  reached  the 
furnace,  consequently  the  temperature  created  by  the  com- 
bustion is  exceedingly  high.  While  the  cold  air  and  gas  are 
being  heated  on  the  right-hand  checkers,  they  are  cooling 
the  brick  in  them,  so  that  in  about  30  minutes  the  direction 
of  the  gases  should  be  reversed,  or  the  one  checker -chamber 
will  become  too  cold  and  the  other  too  hot. 

By  this  process  a  large  part  of  the  heat  value  of  the  gas. 
fuel  is  utilized,  and  a  10-ton  heat  can, be  melted  and  ready  to 
take  out  in  3J  hoursafter  charging.  Cases  have  been  known 
in  which  it  took  only  1  hour  and  60  minutes,  and  with  a 
well-constructed  furnace,  the  ports  new,  the  checkerwork 
clean,  and  the  furnace  in  charge  of  a  good  melter,  there  is 
no  reason  why  this  should  not  be  done  without  damaging 
the  furnace. 

This  process  has  now  been  adopted  in  many  of  our  most 
progressive  malleable-iron  works.  Its  full  economy,  how- 
ever, will  not  be  obtained  until  melting  is  done  day  and 
night,  for  the  furnace  must  be  kept  hot  all  the  time  and  the 
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cost  of  heating  it  at  night  brings  no  direct  return.  It  can 
be  used  to  the  best  advantage  only  where  malleable  castings 
are  produced  on  a  large  scale  and  modern  appliances  are 
used  in  handling  the  metal. 

In  one  malleable-iron  foundry  in  operation  at  the  present 
time  there  are  several  18-ton  furnaces  giving  good  results. 
The  metal  is  tapped  into  6-ton  ladles,  and  carried  off  with  a 
15-ton  electric  traveling  crane.  Three  furnaces  in  operation 
at  one  time  are  able  to  furnish  100  tons  of  malleable  cast- 
ings for  a  day's  run  of  three  heats  each. 

Three  forms,  or  adaptations,  of  the  open-hearth  furnace 
are  in  use.  The  simplest  form,  which  has  already  been 
described  and  illustrated,  is  usually  built  of  10-ton  or  IS-ton 
capacity;  the  iron  is  tapped  from  this  furnace  into  hand 
ladles  in  the  usual  way.  Nest  comes  a  larger  furnace  of 
15-ton  or  SO-ton  capacity,  built  for  melting  steel  if  desired, 
which  has  three  spouts  for  tapping  into  ladles  handled  by  the 
traveling  crane;  this  is  probably  the  most  successful,  under 
suitable  conditions,  of  the  furnaces  in  use.  Finally  comes 
the  tilting  furnace,  which  has  been  used  in  steel  manufacture 
and  is  at  present  being  introduced  in  malleable -iron  works. 
It  is  predicted  by  some  engineers  that  it  will  prove  success- 
ful, but  up  to  the  time  of  writing  it  has  not  been  fully  tried. 
The  first  cost  of  this  furnace  is  about  twice  as  great,  and  the 
cost  of  maintenance  about  four  times  as  great  as  that  of  the 
ordinary  type  of  open-hearth  furnace. 

4.  The  design  of  the  air  and  gas  passages,  together  with 
the  ports,  must  be  such  that  the  crown  of  the  furnace  is  as 
much  protected  from  the  cutting  effect  of  the  intensely  hot 
Same  as  possible.  While  it  is  essential  that  the  brick  should 
be  almost  at  the  point  of  melting,  this  extreme  temper- 
ature should  not  extend  inwards  over  an  inch  at  most.  The 
best  practice,  therefore,  allows  the  body  of  the  furnace  to 
become  dangerously  hot  f6r  a  short  time  only;  the  heat  is 
checked  before  any  actual  damage  is  done.  The  brick  that 
stands  high  temperatures  best  is  made  of  silica,  and  in  all 
open-heartb    furnaces    built    for   malleable-iron   work   the 
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material  above  hearth  level,  in  fact  above  the  checker  brick, 
should  be  of  the  best  grade  of  silica  brick.  As  this  brick 
expands  when  heated,  due  allowance  must  be  made  for  it  in 
the  arrangement  of  the  buckstaves,  or  structural -iron  sup- 
ports, now  customary. 

In  order  to  prevent  injury  to  a  new  furnace,  the  melter 
must  heat  it  very  slowly,  so  as  to  thoroughly  dry  it  out. 
He  should  first  use  wood  fires  or  a  small  jet  of  natural  gas, 
if  it  is  available;  in  a  week's  time  the  heat  can  be  increased 
and  in  2  weeks'  time  the  gas  turned  on,  first  very  gently  and 
then  more  and  more  until  full  heat  is  reached.  In  the 
meantime  the  melter  should  watch  closely  the  structural 
ironwork  and  loosen  or  tighten  tie-rods  here  and  there  as 
necessary.  When  ordinary  firebrick  is  used,  it  is  necessary 
to  tighten  the  tie-rods,  as  it  contracts  when  it  is  heated;  the 
arches  are  thus  prevented  from  cracking  and  the  brickwork 
comes  up  to  the  required  temperature  with  the  least  amount 
of  damage. 

6.  MakInK  tfae  Bottom. — The  hearth,  as  it  is  left  by 
the  furnace  builder,  consists  of  a  steel  pan  with  sloping  sides, 
carefully  riveted   together,   perforated  for  the  spout,  and 


m 


lined  with  silica  brick,  as  shown  in  section  in  Fig.  4.  When 
the  furnace  is  heated  to  the  proper  point,  the  operation  of 
making  the  bottom  can  be  commenced.  The  melter  throws 
about  %  inches  of  fire-sand  and  clean  cupola  slag,  mixed 
in  the  proportion  of  about  20  parts  of  sand  to  1  of  slag,  all 
over  the  bottom.  The  slag  helps  to  cement  the  particles  of 
sand  together.  He  then  increases  the  heat  for  a  few  hours 
and  thoroughly  bakes  and  consolidates  the  sand.  He  repeats 
this  operation  several  times  until  he  has  a  good  base  to  work 
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upon,  when  he  finishes  the  botlom,  using  the  fire-sand  with- 
out the  slag.  The  spoon  shown  in  Fig,  6,  the  end  a  of  which 
consists  of  a  shallow-dished  plate,  is  now  taken  and  the  con- 
vex side  used  to  smooth  off  the  sand  thrown  on  the  bottom 


and  against  the  sides  while  being  burned  on.  When  there  are 
small  patches  to  be  put  on,  the  sand  is  introduced  with  this 
spoon.  Larger  quantities  are  put  on  with  a  shovel;  to  do 
this  properly,  however,  requires  considerable  skill  in  the  use 
of  the  shovel.  The  work  must  be  done  very  quickly,  as  the 
cold  air  that  enters  the  furnace  when  the  door  is  open  chills 
it.  In  order  to  do  this  work  in  the  shortest  possible  time, 
therefore,  the  helper  throws  the  sand  on  the  spoon  as  the 
melter  draws  it  back,  and  in  order  to  prevent  any  more  chill- 
ing than  is  necessary,  the  door  is  raised  only  far  enough  to 
do  the  work  properly.  When  it  is  necessary  simply  to  throw 
in  the  sand,  the  melter  does  it  himself,  the  helper  raising 
and  lowering  the  door  quickly  at  the  required  time. 


By  building  up  the  bottom  to  the  proper  level  a  few  inches 
at  a  time  the  formation  of  heat  cracks  is  avoided.  This  is  a 
very  important  matter.     The  old  coal  furnace,  or  air  furnace, 
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method,  in  which  the  bottom  was  made  all  at  once,  was  adopted 
at  first  in  open-hearth  practice,  but  with  very  unsatisfactory 
results,  as  the  rapid  drying  frequently  caused  it  to  crack  to 
such  an  extent  that  the  iron  worked  under  sections  of  the 
.  bottom,  thus  loosening  them  and  causing  them  to  float.  This 
permitted  the  molten  iron  to  run  out,  fill  up  the  checker- 
work,  and  spoil  the  furnace. 

Fig,  6  {«)  shows  the  bottom  of  the  open-hearth  furnace, 
with  the  tap  hole  being  shown  at  a,  as  it  should  appear  when 
completed.  Where  two  spouts  are  provided  for  simultaneous 
tapping,  it  is  necessary  to  slope  the  bottom  as  shown  in 
Fig.  6  {b),  the  tap  holes  being  shown  at  a  and  b. 

6.  Cleaning  and  Repairing  the  Bottom. — When 
the  heat  has  been  tapped  and  the  slag  run  out,  it  is  neces- 
sary to  clean  the  bottom  for  the  succeeding  heat.  The 
melter  does  this  as  best  he  can  after  the  first  or  second  heat, 
as  in  open-hearth  practice  the  breast  is  not  broken  out  until 
the  close  of  the  day's  work,  but  after  the  last  heat  for  the  day 
has  been  taken  and  the  breast  is  broken  out,  the  hole  is 
large  enough  for  the  melter  to  work  through  it  with  his 
scraping  bars.  He  pushes  the  slag  and  dirt  toward  the  tap- 
ping hole  by  introducing  tools  through  the  charging  doors, 
and  by  working  carefully  through  these  openings  is  able  to 
leave  the  bottom  fairly  clean.  As,  however,  the  bottom  is 
liable  to  contain  hollows  in  which  small  bodies  of  melted  iron 
remain,  which  immediately  begin  to  oxidize  and  burn  up  and 
thus  cut  a  bad  hole  in  the  bottom,  the  melter  must  throw 
fire-sand  on  these  spots  to  slag  off  the  iron  and  get  it  out  of 
the  bottom.  This  often  requires  a  few  hours  in  the  eve- 
ning, and  is  best  done  by  a  good  night  man,  who  looks  after 
all  the  furnaces  that  may  be  in  operation,  leaving  them  in 
good  condition  for  charging  in  the  early  morning. 

Care  must  be  taken  to  keep  the  bottom  in  good  condition 
in  front  of  the  ports.  Small  particles  of  iron  oxide  produced 
by  the  scintillation  of  the  iron  are  carried  forwards  with  the 
gases  as  they  leave  the  furnace  and  are  deposited  at  white 
heat  upon  the  edge  of  the  bottom  immediately  below  the 
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ports.  Iron  oxide  at  this  high  temperature  combines  very 
readily  with  silica,  forming  an  easily  fusible  silicate  of  iron, 
which  usually  runs  down  on  the  slag  on  top  of  the  heat,  but 
may,  if  not  watched  carefully,  cut  down  between  the  ports 
and  the  bottom  and  open  a  way  for  iron  to  escape  and  injure 
the  furnace. 

"  Run-outs  "  of  iron  usually  occur  along  the  slag  line,  on 
account  of  the  fact  that  the  greatest  corrosive  action  takes 
place  here.  Moreover,  the  covering  of  slag,  probably  left 
there  by  a  careless  melter,  may  conceal  a  lump  of  burned 
iron,  which  by  oxidizing  and  uniting  with  the  sand  sur- 
rounding it  gradually  eats  into,  and  finally  cuts  through, 
the  lining.  The  first  intimation  of  the  existence  of  this 
condition  is  a  red-hot  spot  somewhere  along  the  ironwork  of 
the  pan  or  the  brickwork  encasing  it.  No  time  must  be 
lost  in  checking  the  trouble,  otherwise  the  molten  iron  is 
liable  to  cut  through  and  run  out,  resulting  in  the  loss  of 
the  charge  and  often  very  serious  injury  to  the  furnace. 


REPAIRING  THE  PURNACB. 

7.  Repalrlns  the  Portti  and  Surrounding  Brick- 
work.—  The  parts  of  the  open-hearth  furnace  first  to 
require  repair  are  usually  the  brick- 
work surrounding  the  air  and  gas 
ports.  These  parts  are  subjected 
to  the  highest  temperature  of  the 
flame  during  combustion,  as  well  as 
the  corrosive  action  of  the  burned 
gases  as  they  strike  the  ports  upon 
leaving   the    furnace.      In    a    few 

months'  time,  therefore,  it  must  be  expected  that  light 
repairs  must  be  made.  In  designing  a  furnace,  allowance 
should  always  be  made  for  considerable  burning  back  of  the 
ports  before  the  crown  is  endangered.  Fig.  7  shows  the 
construction  of  this  portion  of  the  furnace,  the  dotted  lines 
showing  the  wear  after  a  few  hundred  heats  have  been 
taken. 
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8.  The  butterfly  valve  should  also  be  carefully 
watched,  as  it  is  liable  to  warp  at  the  high  temperature  to 
which  it  is  subjected.  Inasmuch  as  the  open-hearth  process 
is  essentially  a  gas  process,  it  is  necessary  that  the  flues  and 
valves  through  which  the  gas  and  air  pass  be  as  nearly  gas- 
tight  as  the  material  of  which  they  are  constructed  will  per- 
mit, If  the  gas  valve  should  leak,  the  gas  thus  escaping  will 
mix  with  the  waste  products  just  emerging  from  the  checker 
work  and  pass  up  the  chimney.  The  temperature  existing  in 
the  flues  promotes  the  ignition  of  this  gas,  and  the  valve 
and  flues  soon  get  red  hot;  finally  the  stack  shows  signs  of 
undue  heat  and  the  melter  investigates.  By  this  time  the 
valve  may  be  cracked  and  ruined.  By  a  careful  daily 
inspection  this  trouble  is  detected  at  the  beginning,  and  a 
little  judicious  chipping  soon  remedies  it  for  the  time  being 
and  allows  the  butterfly  to  seat  itself  properly.  Both  the 
gas  and  air  valves  should  be  inspected  periodically,  and  if 
necessary,  repaired  in  this  way,  as  leakage  of  either  hot  air 
or  gas  into  the  stack  causes  a  loss  in  efficiency.  A  number 
of  valves  have  been  introduced  that  aim  to  prevent  the  leak- 
age by  using  a  water  seal.  Some  of  these  are  very  good, 
but  they  have  the  disadvantage  of  being  rather  expensive. 

0.  The  ctieckemrork  also  should  receive  careful  atten- 
tion. It  should  neither  be  too  open  nor  too  closely  laid.  If 
the  latter,  it  impedes  the  easy  passage  of  the  gases;  if  the 
former,  they  rush  through  without  taking  up  or  giving  off 
heat.  The  space  to  be  left  is  determined  by  the  draft. 
With  a  strong  chimney  draft  the  spaces  between  the  checker 
brick  should  be  less  than  1^  inches,  but  with  an  old  choked- 
up  furnace  the  spaces  should  be  larger. 

In  the  furnace,  considerable  iron  is  burned  to  iron  oxide, 
which  is  carried  down  through  and  deposited  in  the  checker 
chambers  and  flues.  These  deposits  may  become  so  great  as 
to  seriously  interfere  with  the  draft,  so  that  it  is  advisable 
to  occasionally  open  the  furnace  and  clean  it.  This  is  exceed- 
ingly hot  work,  and  should  be  undertaken  before  the  trouble 
has  gone  too  far.     It  may  sometimes  be  necessary  to  remove 
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only  one  or  two  layers  of  the  brick  that  form  the  checker- 
work,  as  the  oxide  deposit  usually  coats  these  over,  thus 
preventing  the  free  flow  of  air  through  them,  while  the 
brick  forming  the  lower  portion  of  the  checkerwork  may  be 
in  as  good  condition  as  when  it  was  put  in. 

Checkerwork  for  malleable  purposes  should  preferably  be 
made  of  firebrick  of  the  first  grade.  Owing  to  the  violent 
fluctuations  in  temperature  to  which  they  are  subjected,  a 
silica  brick  is  less  able  to  resist  disintegration.  Further- 
more, the  impinging  of  burned  iron  in  the  form  of  dust  on  a 
hot  silica  brick  causes  a  glaze  to  be  formed  that  partially 
destroys  the  heat -absorbing  power  possessed  by  a  rough 
brick.  In  making  repairs  on  a  furnace  it  is  important  to 
lay  the  brick  in  such  a  way  that  when  dipped  into  a  thin 
mixture  of  clay  and  water,  commonly  called  a  clay  puddle 
or  grouting,  placed  in  position,  and  pressed  down,  no  surplus 
grouting  runs  down  the  courses  below;  if  this  is  permitted, 
the  natural  roughness  of  the  wall  is  destroyed  and  heat  is 
not  retained  as  well, 

10.  Repairing  the  Crown.  —  Patching  the  crown 
and  work  of  like  character  can  be  done  by  lowering  the  tem- 
perature of  the  furqace  just  enough  to  allow  the  iron  tools 
to  hold  their  form  while  the  work  in  hand  is  being  done. 

1 1.  The  Ctalmaey. — The  whole  action  of  the  furnace 
depends  on  the  draft.  This  is  generally  furnished  in  a 
15-ton  open-hearth  furnace  by  a  steel  chimney  80  feet  high, 
4  feet  in  diameter,  lined  with  brick  4  inches  thick,  and  pro- 
vided with  a  plate  damper  at  the  base  so  that  the  draft  can 
be  easily  regulated.  A  bole  is  placed  in  the  side,  through 
which  lighted  waste  may  be  introduced  in  order  to  start  the 
draft  after  the  furnace  has  been  shut  down  for  some  time. 
The  current  of  air  in  such  a  chimney,  when  in  full  operation, 
should  be  sufficient  to  hold  the  water  gauge  at  a  pressure  of 
.8  inch. 

12.  Cfaar|[li]|[  the  open-hearth  furnace  differs  some- 
what from  coal-furnace,  or  air-furnace,  practice.     In  the  first 
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place,  the  furnace  has  probably  been  kept  hot  all  night  with  a 
light  flame,  and  about  2  hours  before  the  time  for  charging  the 
heat  has  been  increased  to  as  high  a  point  as  possible  with- 
out injury  to  the  furnace;  the  doors  are  raised  and  lowered 
quickly,  as  the  charge  goes  in  a  little  at  a  time.  In  coal- 
furnace  practice  the  furnace  is  cold^  or  nearly  so,  and  the 
whole  top  is  removed  to  do  the  charging.  The  bottom  of 
the  open-hearth  furnace  must  be  in  good  condition. 

The  charging  usually  requires  a  gang  of  six  men,  two  to 
pull  up  the  doors,  one  of  which  is  counterbalanced  at  one 
side  of  the  furnace  and  the  other  two  at  the  other  side.  The 
other  four  men  shovel  in  the  sprues  and  malleable  scrap,  the 
sprues  being  put  in  first.  When  the  sprues  and  malleable 
scrap  are  all  in,  it  is  usually  necessary  to  wait  a  few  minutes 
to  allow  the  charge  of  scrap  to  melt  partially  in  order  to 
make  room  for  the  pig  iron.  During  this  period  of  waiting 
the  furnace  also  recovers  a  little  of  the  temperature  lost  by 
the  cold  air  coming  in  through  the  doors.    A  bar  or  roller  a, 
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Fig.  8,  is  now  placed  in  sockets,  provided  for  the  purpose, 
across  one  of  the  charging  doors  and  the  front  end  of  a 
peel  6,  Fig.  9,  is  laid  on  it.  Laborers  then  lay  the  pig  iron, 
a  piece  at  a  time,  on  the  peel,  as  shown  in  Fig.  8,  and  the 
helper  raises  the  door  while  the  meller  moves  the  peel  for- 
wards and  deposits  the  pig  at  the  desired  place. 
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Sometimes  the  sprues  and  small  scrap  is  charged  into  the 
furnace  by  means  of  a  charging  box,  which  usually  consists 
of  a  bar  or  handle  similar  to  the  charging  peel,  Fig.  9,  but 


somewhat  lighter.  A  bowl  made  of  malleable  cast  iron  16  or 
18  inches  in  diameter  is  riveted  to  the  peel  near  the  front 
end,  the  latter  being  allowed  to  project  far  enough  to  rest 
upon  the  charging  bar  or  roll  in  front  of  the  furnace  door. 
The  sprues  and  small  scrap,  which  are  usually  brought  to  the 
charging  platform  in  small  foundry,  or  tote,  boxes,  are  poured 
from  these  into  the  bowl  and  charged  into  the  furnace  in  the 
same  manner  as  the  pig  iron.  This  method  is  much  easier 
on  the  men  than  shoveling  the  material  into  the  furnace, 
as  the  heat,  when  the  charging  doors  are  raised,  is  so  intense 
that  it  is  extremely  hard  for  them  to  throw  the  material 
in  with  short-handled  shovels. 

When  enough  has  been  charged  on  the  part  of  the  bottom 
commanded  by  one  charging  door,  the  second  and  then  the 
third  doors  are  used,  thus  making  the  best  distribution  pos- 
sible for  the  purpose  of  melting  the  iron  in  the  shortest 
time.  It  takes  about  1  hour  to  charge  a  13-ton  heat,  and  as 
there  are  three  reversals  of  the  ;;as  and  air  during  this  time, 
an  alteration  of  the  flame  from  one  side  to  the  other  may  be 
obtained  when  a  fresh  pile  of  pig  iron  has  been  piled  up  in 
front  of  the  ports,  thus  causing  it  to  be  heated  very  rapidly. 

13.  Charging  machines  of  the  form  used  in  steel  plants 
have  been  suggested  for  malleable-iron  foundries,  but  their 
first  cost  and  the  room  required  to  operate  them  are  so 
great  that  it  is  generally  admitted  that  they  are  economical 
only  when  the  furnaces  are  large,  of  at  least  20  tons  capacity, 
and  there  are  about  eight  of  them  in  line.  The  require- 
ments of  steel  manufacture,  so  far  as  charging  is  concerned, 
differ  from  those  of  malleable-iron  foundries.  In  steel  man- 
ufacture, it  is  desirable  to  place  the  charge  into  the  furnace 
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as  quickly  as  possible  and  to  subject  it  to  the  cutting  flame, 
which  may  oxidize  it  as  much  as  desired,  while  in  malleable* 
iron  practice  the  charging  must  be  done  carefully  and  with 
some  time  between  the  charging  of  the  lighter  materials 
and  the  pig  iron,  in  order  that  the  latter  may  be  immersed 
in  a  bath  of  molten  iron  covered  by  a  coating  of  slag  as 
speedily  as  possible  so  as  to  prevent  oxidation.  If  the  iron 
could  be  melted  without  any  oxidation,  it  would  be  most 
desirable,  but  this  can  be  done  only  with  the  crucible  proc- 
ess, which  is  not  used  in  American  practice. 

14.  Arrangement  of  Tapping  SpoutB> — In  coal- 
furnace,  or  air-furnace,  practice  it  has  been  customary  to  tap 
the  metal  from  one  spout.  In  this  case  the  bottom  of  the 
spout  must  not  be  higher  than  the  lowest  part  of  the  bath, 
and  the  metal  lying  at  the  bottom  is  therefore  drawn  off 
first.  As  the  top  of  the  bath  always  has  the  highest  tem- 
perature, since  it  is  in  direct  contact  with  the  hot  gases,  the 
coldest  iron  is  drawn  off  first,  and  by  the  time  the  top 
reaches  the  spout  it  is  apt  to  have  been  subjected  to  the 
action  of  the  burning  gases  so  long  as  to  be  spoiled,  and 
much  of  it  may  occasionally  have  to  be  thrown  away.  In 
order  to  avoid  this  danger,  the  furnace  is  often  equipped 
with  two  spouts,  on  one  or  both  sides,  one  being  set 
higher  than  the  other,  so  as  to  permit  the  upper  half  to  be 
drawn  off  first  through  the  upper  spout,  then  the  lower  half 
through  the  lower  spout.  The  upper  surface  is  thus  removed 
before  it  has  been  subjected  to  the  hot  gases  too  long, 
while  the  lower,  or  colder,  part  of  the  bath  is  heated  to  the 
required  temperature  before  it  is  drawn  off. 

In  the  open-hearth  furnace  of  ordinary  size,  either  one  or 
two  spouts  arranged  as  indicated  above  may  be  used,  depend- 
ing on  the  size  of  the  furnace,  while  the  largest  furnaces 
may  be  provided  with  three  spouts  so  arranged  that  they 
divide  the  charge  into  three  apjiro.xiniately  equal  parts. 

Wlien  only  one  spout  is  used  there  is  also  danger  that  the 
test  plug,  the  iron  for  which  is  dipi)ed  from  the  top  of  the 
bath,  may  not  indicate  the  true  condition  of  the  iron  at  the 
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bottom,  and  the  castings  poured  from  the  iron  first  drawn 
may  be  bad.  Unfortunately,  this  fact  is  usually  not  detected 
until  the  castings  have  been  annealed,  and  alt  the  work  done 
on  them,  in  addition  to  the  first  cost  of  the  casting,  is  lost. 
When  the  furnace  is  provided  with  two  or  three  spouts  this 
danger  is  almost  entirely  avoided. 

15.     The  form  of  the  bottom  of   the  furnace  and  the 
arrangement  of  the  spouts,  when  three  are  used,  are  shown 


»i2i 


in  Pig.  10,  a  being  the  highest  spout,  b  the  intermediate, 
and  c  the  lowest,  which  should  always  be  at  the  middle  of 
the  bottom. 

While  this  arrangement  of  the  spouts  is  used  successfully 
with  ordinary  hand  ladles,  it  can  be  used  more  advanta- 
geously in  corinection  with  a  large  ladle  and  a  traveling 
crane.  When  the  heat  is  ready  and  a  crane  is  available,  the 
upper  spout  is  tapped  into  a  6-ton  ladle  suspended  before -it. 
A  stream  about  3  inches  in  diameter  will  fill  the  ladle  with 
all  the  iron  above  the  level  of  the  upper  tap  hole  in  about 
3  minutes.  When  the  slag  appears  at  this  hole  a  clay  plug 
is  worked  in,  effectually  stopping  the  flow  of  iron. 

The  ladle  full  of  iron  is  carried  to  the  part  of  the  foundry 
where  the  iron  is  to  be  used,  poured  into  hand  ladles,  from 
which  it  is  poured  into  the  (holds  by  the  molders.  When 
nearly  empty  the  large  ladle  is  taken  back;  the  small  quan- 
tity of  iron  not  used  is  probably  quite  cold,  but  is  heated  up 
again  by  the  new  charge  tapped  into  the  ladle.  The  second 
spout  is  now  tapped  and  the  operation  of  distributing  and 
pouring  repeated.  This  time  all  the  iron  is  used  for  casting 
purposes.  When  the  ladle  is  returned  for  the  final  tap,  the 
clay  closing  the  breast  is  carefully  dug  away  from  the  out- 
side and  the  breast  pushed  out  from  within.  In  about  J  min- 
ute the  remainder  of  the  heat  is  in  the  ladle,  which  oversows 
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with  slag,  leaving  the  surface  in  the  form  of  a  boiling,  seeth- 
ing mass.  It  is  skimmed  off  roughly  and  taken  to  the  mold- 
ing floor;  the  slag  remaining  on  the  surface  is  allowed  to 
incrust  a  little,  when  a  small  hole  is  broken  through,  and 
the  iron  poured  into  hand  ladles,  and  the  molds  poured,  as 
indicated  above. 

In  this  manner  a  15-ton  heat  is  taken  out  in  ^  hour,  the 
iron  is  uniform  in  temperature,  being  protected  by  the  slag, 
also  practically  uniform  in  composition  until  the  entire  charge 
is  poured  out  of  the  large  ladle.  In  this  way  the  iron  can 
be  made  hot  enough  so  that  at  any  stage  of  the  casting  it 
will  shoot  out  of  the  vent  holes  in  the  lower  ends  of  the  small 
molds  that  have  been  set  on  an  incline,  which  is  good  evi- 
dence that  its  temperature  is  suitable  for  malleable  casting. 
16.  The  tlltlas  opea-lieartti  furnace,  which  accom- 
plishes the  same  purpose  as  the  three-spout  open-hearth 
furnace,  by  allowing  the  upper  and  hotter  part  of  the  bath  of 
iron  to  be  poured  first,  is  now  being  introduced.  It  has, 
however,  the  disadvantage  of  a  very  high  first  cost  and 
a  large  cost  for  maintenance.  The  first  cost  is  further 
increased  by  the  installation  of  hydraulic  machinery  to 
operate  the  tilting  mechanism. 

The   furnace  is  stationary  in.  all  its  details,   except  the 
hearth  and  crown.     These  revolve  past  the  ports  when  pour- 
ing the  iron  from  the  spout,  which  is  normally  above  the 
slag  line.     Fig.  11  shows  a  cross-section  of  the  furnace  in 
which  a  is  the  pan,  b  the  bottom, 
c  the  charging  door,  d  the  tap- 
ping spout,   e   the   gas  and   air 
ports, /a  sector  attached  to  the 
pan   upon  which  the  furnace  is 
supported, ^,^rollers  upon  which 
the  furnace  is  tilted,  h  a  hydraulic 
cylinder  by  means  of  which  the 
furnace  is  tilted,  (  a  checker 
chamber,   and  y   the   charging 
platform.     By  applying  hydraulic 
pressure  to  the  cylinder  h  the  furnace  is  made  to  roll  upoa 
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the  rollers  g,  g  tn  the  direction  indicated  by  the.  arrow  k 
until  the  spout  d  is  lowered  sufficiently  to  permit  as  much 
melted  iron  to  run  out  as  may  be  desired. 

The  ports  of  this  type  of  furnace  are  very  difficult  to  keep 
in  repair,  and  an  extra  set  already  built  up  and  enclosed  hy 
structural  steel  is  usually  kept  on  hand,  so  that  those  in  use 
can  readily  be  renewed  if  they  should  give  way. 

While  these  furnaces  are  to  be  recommended  to  new  con- 
cerns with  a  large  amount  of  money  to  invest,  it  is  generally 
thought  advisable  for  works  already  equipped  with  othei 
types  not  to  change  to  this  form  until  its  practical  advan' 
tages  have  been  more  fully  demonstrated. 

17.  Fuel  for   Open-Heartb    Furnaces. — The  fuel 

used  in  open-hearth  furnaces  may  be  natural  gas,  oil,  or 
producer  gas  made  from  coal.  The  latter  may  be  used 
directly  in  the  furnace  by  allowing  it  to  run  through  suit- 
able pipes  in  the  side  walls  or  the  interior  brickwork  of  the 
furnace,  or  it  may  be  sprayed  into  the  furnace  with  steam 
or  with  compressed  air.  Where  air  is  used,  it  may  be  taken 
either  from  a  fan,  positive  blower,  or  an  air  compressor. 
The  construction  of  the  open-hearth  furnace  depends  con- 
siderably on  what  kind  of  fuel  is  used. 

18.  Natural  sas,  which  is  extensively  used  in  mallea- 
ble works  for  melting  and  annealing,  is  an  exceedingly  rich 
fuel  gas.  It  has  about  five  times  the  heating  value  of  ordi- 
nary coal  gas  and  is  equal  to  oil  in  fuel  value.  Experience 
has  shown  that  in  burning  it  for  melting  iron  in  the  open- 
hearth  furnace,  the  gas  regenerative  chambers  can  be  dis- 
pensed with,  in  which  case  large  regenerative  chambers  for 
air  are  used ;  the  natural  gas  enters  the  air  ports  on  the  ends 
of  the  furnace,  as  shown  at  nand  b.  Fig.  12.  These  pipes 
are  usually  built  in  and  protected  with  a  firebrick  covering 
in  order  to  prevent  undue  waste  of  the  iron  of  which  they 
are  composed.  In  this  style  of  furnace  only  one  Siemens 
valve  is  required,  and  the  equipment  may  therefore  be 
greatly  simplified. 

63&-18 
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Whil^  in  open-hearth  furnaces  in  which  only  natural  gas 
is  used  the  air  is  generally  passed  through  the  regenerative 
chambers,  it  is  not  advisable  to  build  them  with  only  one 
set  of  chambers.  The  supply  of  natural  gas  is  very  uncer- 
tain, especially  in  winter,  when  it  is  frequently  shut  off  from 


mills  in  order  to  supply  the  better.paying  private  customers. 
The  regular  open-hearth  furnace  with  both  sets  of  cham- 
bers should  therefore  be  installed  and  the  air  allowed  to 
go  through  both  valves,  while  the  gas  is  brought  in  as 
shown  in  Fig.  13. 

Malleable  cast  iron  has  been  made  very  successfully  by 
passing  the  natural  gas  through  regenerative  chambers; 
this,  however,  produces  an  excessively  hot  flame,  and  the 
intense  heat  causes  the  metal  to  be  oxidized  too  much  as  it 
melts  down.  When  natural  gas  is  used  regeneratively  a 
little  steam  should  be  admitted  into  the  furnace  over  the 
gas  valve,  as  this  will  effectually  prevent  the  deposition  of 
carbon  at  the  entrance  to  the  pipes  and  prevent  their 
choking  up. 

19.  Oil  is  now  generally  burned  by  spraying  it  into  the 
furnace.  The  general  arrangement  of  a  burner  suitable  for 
this  purpose  is  shown  in  Fig.  13.  Oil  is  forced  in  through 
the  tube  a  under  a  pressure  of  about  35  pounds  per  square 
inch,  and  is  sprayed  through  a  small  hole,  less  than  ^  inch 
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in  diameter.  The  air  enters  through  the  pipe  b  and  carries 
the  fine  spray  of  oil  into  the  furnace,  where  it  is  ignited  and 
burned.  If  the  temperature  of  the  air  is  approximately 
that  of  the  furnace,  the  oil  will  readily  be  gasified.  When 
compressed  air  or  steam  is  used,  the  air  pipe  surrounding 
the  oil  nozzle  is  made  much  smaller  than  when  the  air  is 


supplied  by  a  blower.  Opinions  differ  considerably  regard- 
ing the  most  satisfactory  air  pressure  to  be  used,  some 
advocating  a  pressure  of  1  pound  produced  by  a  positive 
blower,  while  others  claim  that  the  best  results  areobtained 
by  using  a  pressure  of  about  40  pounds.  The  oil  is  some- 
times introduced  into  the  sides  of  the  furnace,  as  illustrated 
in  Fig.  14,  the  burners  a,  b,  c,  and   d  sloping  downwards 


toward  the  hearth.  In  other  cases  the  oil  burners  are 
located  in  the  same  position  as  the  gas  burners  shown  in 
Fig.  12.  In  this  style  of  furnace  it  would  also  be  possible 
to  dispense  with  the  second  set  of  checker  chambers,  as  in 
the  case  of  the  natural-gas  furnace.  If  steam  is  available, 
there   is   an   advantage   in  letting   a  little  issue  from  the 
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burners  that  are  not  in  use,  as  this  tends  to  prevent  the  tips 
from  being  burned  away. 

In  conveying  the  oil  from  the  supply  tank,  which  should 
be  buried  beneath  the  surface  of  the  ground,  a  duplex  self- 
governing  pump  should  be  used  and  a  strainer  placed  before 
each  burner,  as  otherwise  the  small  hole  in  the  end  of  the 
oil  pipe  is  liable  to  become  clogged  so  that  no  oil  can  pass 
through  it.  Oil  can  also  be  burned  directly  by  simply  let- 
ting a  small  stream  flow  down  upon  the  melting  iron.  This 
method,  while  in  a  measure  successful,  is  very  hard  on  the 
furnace  and  is  not  to  be  recommended. 

20>  Producer  gas  is  probably  the  most  important  gas 
with  which  the  malleable-iron  manufacturer  has  to  deal. 
Modern  producer  gas  is  the  product  of  a  combined  distilla- 
tion and  water-gas  process.  In  the  distillation  process,  coal 
is  heated  in  a  retort  and  gas  is  given  off,  leaving  coke 
behind.  In  the  water-gas  process  the  temperature  of  coke 
is  raised  to  incandescence  and  steam  is  introduced,  cooling 
the  coke,  but  making  large  quantities  of  carbonic  oxide  and 
hydrogen.  For  ordinary  water  gas,  hard  coal  is  used. 
Instead  of  raising  the  temperature  of  the  coke  and  permit- 
ting the  steam  to  blow  upon  it  alternately,  the  steam  is  so 
introduced  that  it  carries  enough  air  with  it  to  keep  the 
temperature  uniformly  high  enough  to  enable  the  gas  to  be 
formed  continuously.  The  apparatus  with  which  the  gas  is 
made  is  called  a.  producer,  and  the  gas  is  cMed  producer  gas. 
21.  CompoBltioo  of  Producer  Gas.  —  Bituminous 
coal  is  generally  used  in  making  producer  gas.  The  tarry 
products  that  are  distilled  off  are  allowed  to  go  directly  into 
the  gas  flues  and  are  burned  in  the  furnaces.  A  good  pro- 
ducer gas  should  have  the  following  composition: 

Carbonic  acid 4.5 

Carbonic  oxide 24 . 2 

Hydrogen 12.6 

Oxygen ....         .5 

Nitrogen 68.2 

100.0 


^aovGoOt^lc 


gffS  MALLEABLE   CASTING.  21 

Carbonic  acid  is  worthless  as  a  fuel,  and  its  presence 
above  the  4.6  per  cent,  is  a  sign  of  carelessness  somewhere. 
The  presence  of  about  that  amount  is,  however,  practically 
unavoidable. 

Carbonic  oxide  is  the  constituent  by  means  of  which 
the  greater  part  of  the  heat  is  produced.  When  burned 
with  air  it  is  converted  into  carbonic  acid. 

Hydrosen  is  a  powerful  heating  agent.  It  produces  a 
much  more  intense  heat  than  carbonic  oxide,  but  it  is  not 
very  desirable  for  melting  purposes.  In  burning,  water  is 
formed  just  at  the  ports  of  the  furnace.  Water  when  sub- 
jected to  a  very  high  temperature  dissociates  again  into 
hydrogen  and  oxygen,  the  gases  of  which  it  is  composed, 
abstracting  the  heat  it  gave  out  in  burning.  This  process 
of  associating  and  dissociating  of  hydrogen  and  oxygen 
may  take  place  a  number  of  times  in  the  furnace  until  the 
last  burning  occurs  at  a  point  where  the  temperature  is  not 
high  enough  to  produce  dissociation.  As  this  occurs  in 
the  checkerwork  and  not  in  the  melting  chamber,  the  effect 
is  almost  entirely  lost.  The  direct  value  for  melting  of  a 
gas  rich  in  hydrogen  is  therefore  much  less  than  the  total 
heat,  value  would  indicate.  It  is  advisable,  therefore,  to 
keep  the  hydrogen  as  low  as  possible  with  a  high  percentage 
of  carbonic  oxide. 

Oxygen  is  a  very  undesirable  element  in  a  gas,  as  it 
causes  combustion  in  the  flues,  or  even  in  the  producer,  thus 
burning  a  part  of  the  gas  before  it  reaches  the  furnace,  and 
reducing  its  value  as  a  fuel. 

Nitrosen,  of  which  the  remainder  of  the  gas  is  composed, 
does  not  burn  and  is  valueless  as  a  fuel.  Unfortunately,  its 
percentage  cannot  be  reduced  below  60  per  cent.,  and  more 
frequently  it  is  60  per  cent. 

22.     The    Gas    Producer    and    Its    Connections. 

Pig.  16  shows  the  cross-section  of  a  producer  in  its  simplest 
form.  It  consists  of  a  shell  of  steel  a,  about  7  feet  in  diam- 
eter and  10  feet  high,  lined  with  9-inch  firebrick;  a  cover  b, 
provided  with  the  bell-and-hopper  charging  device  c;  a  gas 
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outlet  d;  a  grate  e,  upon  which  the  coal  falls  through  the 
charging  device  c,  a  set  of  poke  holes/,/,  through  which 
the  fire  is  broken  up  and  kept  open  for  the  passage  of  steam 
and  air;  a  steam  siphon  or  blower  g,  through  which  air  is 
taken  in  large  quantities,  and  which  operates  at  a  steam 
pressure  of  about  46  pounds.  The  producer  is  set  into  a 
steel  pan  k  filled  with  water,  which  forms  a  water  seal  that 
protects  the  lower  part  of  the  apparatus  from  leakage  of  air 
or  gas,  yet  permits  the  ashes  to  be  removed. 


To  start  the  producer,  a  wood  fire  is  built  in  it,  a  load  of 
coke  is  then  added;  when  this  is  raised  to  incandescence  the 
hopper  c  is  filled  with  coal  and  the  cover  put  on.  The  bell  is 
now  lowered  and  raised  again,  the  coal  dropping  upon  the 
bed  of  coke.  In  the  meantime,  steam  is  turned  on  and 
carefully  regulated.  Gas  is  generated  immediately  and 
forced  out  of  the  discharge  pipe  d.  As  soon  as  the  soft  coal 
strikes  the  incandescent  coke,  dense  volumes  of  smoke  are 
generated,  which,  however,  should  be  used  just  as  gas. 
The  hopper  is  now  filled,  and  the  contents  dropped  upon  the 
fire  repeatedly  until  a  good  bed  of  red-hot  coal  about  3^  feet 
thick  is  distributed  pretty  evenly  on  the  grate. 
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The  amount  of  coal  used  will  depend  on  the  amount  of 
gas  required,  and  may  vary  from  300  to  600  pounds  per  hour 
for  a  producer  7  feet  in  diameter  and  10  feet  high.  A 
producer  10  feet  in  diameter  and  10  feet  high  will  gasify 
from  1,000  to  1,300  pounds  of  coal  per  hour. 

23.  When  a  chemical  laboratory  is  available  the  gas 
should  be  analyzed  at  least  twice  in  S4  hours.  Excessive 
amounts  of  the  two  injurious  ingredients,  oxygen  and  car* 
bonic  acid,  are  readily  detected  by  a  chemical  analysis.  As 
the  air  and  steam  strike  the  incandescent  fuel  on  the  grate 
two  distinct  reactions  take  place.  There  is  first  a  formation 
of  carbonic  acid  through  the  burning  of  the  coal.  This  car- 
bonic acid  in  passing  upwards  through  the  red-hot  coal  takes 
up  extra  carbon  and  becomes  carbonic  oxide,  which  is  the 
valuable  fuel  constituent  of  the  gas.  If  by  analysis  it  should 
be  found  that  there  is  an  undue  amount  of  carbonic  acid  in 
the  gas,  it  is  a  sign  of  a  thin  or  a  cold  fire,  usually  the  former, 
the  gasworker  having  permitted  the  bed  of  coal  to  burn 
down  too  far  before  replenishing  it. 

On  the  other  hand,  unless  the  hre  is  continually  poked  up, 
the  clinkers  broken  and  air  channels  through  the  coal 
destroyed,  cold  air  is  liable  to  come  through  the  fuel  and 
burn  the  gas  before  it  leaves  the  producer.  The  quantity  of 
oxygen  in  the  gas  will  indicate  whether  or  not  this  condition 
exists. 

While  the  air  drawn  in  causes  the  reactions  described 
above,  the  steam  is  equally  active.  The  air  serves  to  keep 
the  fuel  in  a  state  of  incandescence,  and  the  steam  is  con- 
tinually decomposed  into  hydrogen  and  caygen.  The 
oxygen  immediately  combines  with  carbon  and  forms  car- 
bonic acid  and  carbonic  oxide  in  turn.  The  hydrogen 
remains  free  and  ascends  through  the  coal  fire  into  the  gas 
flue  uncombined.  Usually  the  percentage  of  hydrogen 
varies  from  10  to  13  per  cent.  The  less  hydrogen  the  better, 
provided  the  percentage  of  carbonic  oxide  is  above  24  per 
cent.  The  gas  burns  with  a  rich  yellow  flame,  is  smoky,  and 
has  a  tarry  odor. 
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Id  a  we II -conducted  gas  plant  the  various  chemical  com- 
binations are  so  complete  that  the  ash  as  it  comes  out  of  the 
ash  tanks  is  perfectly  white  and  without  a  trace  of  coke 
cinders.  It  is  wise,  therefore,  to  inspect  the  ashes  when 
they  are  removed,  in  order  to  see  if  the  fullest  measure  of 
economy  has  been  obtained.  About  60,000  cubic  feet  of 
gas  is  made  by  this  process  from  1  ton  of  coal. 


24.  When  gas  leaves  the  producer  it  enters  a  breeching, 
shown  in  Fig.  16,  which  is  connected  with  large  overhead 
r  gas  flues  that  may  be  6  feet  in 
diameter,  through  which  it  is  con- 
veyed to  the  furnaces.  The  breech- 
ing is  connected  to  the  producer  at 
a  and  to  the  gas  flue  at  d,  A 
manhole  is  provided  at  c  to  clean 
out  the  ashes  that  may  accumulate 
in  the  breeching.  A  safety 
damper  d,  which  is  blown  open  in 
case  of  an  explosion,  and  a  damper  e, 
which  may  be  closed  when  it  is 
desired  to  cut  one  producer  out  of  a 
series,  are  provided. 

All  the  ironwork  of  the  breech- 
ings  and  flues  is  lined  with  4-inch 
Pio-  '•■  firebrick   of   No.   2,  or  even   less, 

refractory  quality.  The  farther  away  from  the  producer, 
the  cheaper  the  quality  of  brick  may  be,  as  the  temperature 
is  gradually  lowered  as  the  gas  is  conveyed  away  from  the 
producer. 

Good  judgment  must  be  exercised  in  selecting  suitable 
qualities  for  the  different  purposes  for  which  brick  is  used. 
No.  1  firebrick  is  made  of  the  finest  and  most  refractory 
quality  of  clay.  The  material  is  sorted  with  the  greatest 
care  and  the  unburned  brick  is  subjected  to  pressure  by 
special  machinery  previous  to  entering  the  kiln.  This  brick 
is  suitable  for  temperatures  above  2,400°  F.  No.  3  brick  is 
made  of  the  same  material,  probably  not  so  carefully  selected, 
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not  subjected  to  pressure  before  burning,  and  is  therefore 
not.  suitable  for  temperature  much  above  3,000°  F,  Flue 
brick  is  made  of  inferior  clays,  and  may  run  from  white  to 
light  red  in  color.  The  best  grades  will  withstand  tem- 
peratures up  to  1,600°  P.,  while  the  poorest  grades  will 
withstand  only  about  1,000°  F. 

25.     All   along   the  main  flues,  large   safety  manholes, 
consisting  of  cast-iron  saddles  and  covers,  made  gas-tight 


with  a  sand  seal,  are  placed  at  intervals  of  about  100  feet. 
The  end  of  the  gas  flue  is  connected  with  a  stack  and  cut  off 
from  it  with  a  damper,  in  order  that  the  flues  may  be 
burned  out  about  twice  a  week,  so  that  the  large  amount  of 
soot  formed  and  deposited  on  the  bottom,  thus  retarding  the 
passage  of  the  gas,  may  be  removed.  The  connection  with 
the  chimney  is  illustrated  in  Fig.  17,  the  chimney  being 
shown  at  a,  the  breeching  connecting  the  flue  with  the 
chimney  at  ^,  a  safety  damper  at  c,  a  damper  at  d,  the  gas 
flue  at  f,  and  the  safety  manholes,  showing  the  sand  seal, 
at/.  In  burning  out  the  flue,  the  damper  i/.  Fig.  17,  and  the 
safety  damper  rf.  Fig.  16,  are  opened,  and  immediately  the 
flame  riins  along  the  flue  and  into  the  chimney.  In  about 
20  minutes  all  the  soot  will  be  burned  out;  the  dampers  are 
then  replaced  and  gas  made  as  usual.     The  dampers  are 
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made  to  fit  loosely  in  their  guides,  but  the  accumulation  of 
tar  upon  them  soon  makes  the  joints  gas-tight. 

The  connection  with  the  open-hearth  furnace  is  made 
through  its  gas  valve.  At  this  point  a  safety  damper  should 
be  provided  to  prevent  damage  to  the  flues  when  an  explosion 
occurs,  as  well  as  a  regular  plate  damper  to  cut  oft  the  fur- 
nace when  desired.  The  connection  with  the  furnace  should 
be  at  least  2  feet  square;  in  fact  all  gas  conduits  should  be 
very  large,  as  the  gas  has  only  a  fraction  of  an  ounce  pres- 
sure and  a  large  volume  is  required  in  order  to  do  the 
required  heating  in  the  furnace.  The  gas  flues  should  be 
placed  overhead  whenever  possible  and  a  few  bends  should 
be  inserted  to  take  up  the  expansion  and  contraction  due  to 
the  great  variation  of  temperature  to  which  it  is  subjected. 
It  is  more  expensive  to  build  an  overhead  steel  shell  lined 
with  firebrick  than  to  build  an  underground  flue  of  flue 
brick  and  red  brick  only,  but  the  underground  flue  will  not 
stand  the  strain  due  to  the  variations  of  temperature,  so 
that  the  overhead  flue  is  more  economical. 

Producer  gas,  while  presenting  a  different  set  of  problems 
than  natural  gas,  is  equally  as  serviceable,  makes  good 
malleable  iron,  and  when  handled,  rightly  is  more  reliable. 
In  well-equipped  plants  the  coal  and  the  ashes  are  handled 
by  conveyers  and  suitable  dumping  appliances,  which  leave 
only  the  work  of  the  gas  maker  to  be  done  by  hand. 


PREPARATION  OF  MOLDS  FOR  MALLEABLE 

CASTINGS. 
26.     The   molds  for  malleable -Iron    castinffB  are 

made  in  the  same  manner  as  green-sand  molds  for  gray  iron. 
In  the  matter  of  gating,  however,  there  is  some  difference. 
Proper  gating  for  malleable  work  is  very  important.  Very 
often  the  failure  of  the  iron  to  run  may  be  ascribed  as  much 
to  improper  gating  as  to  poor  metal.  Owing  to  the  exces- 
sive shrinkage  and  the  high  temperature  required  to  run 
thin  sections,  the  gate  must  be  made  of  sufficient  size  to  pre- 
vent the  iron  from  chilling  before  the  farthest  portions  of 
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the  ipold  are  filled.    The  gate  must  also  be  carefully  located 
at  the  most  suitable  place  on  the  casting. 

In  gating  small  patterns,  it  is  often  necessary  to  provide  a 
riser,  commonly  called  a  ntarlnker  in  malleable-foundry 
practice.  The  sudden  cooling  and  shrinkage  will  cause 
spongy  places  unless  some  means  is  provided  for  feeding  the 
metal  to  these  parts.  The  shrinker  may  be  of  the  same 
form  as  the  pouring  sprue  and  placed  either  on  the  gate,  or 
it  may  be  so  located  that  it  will  feed  the  metal  from  a  point 
outside  of  the  casting.  When  the  casting  is  too  small  to 
permit  the  use  of  these  forms  an  enlargement  may  be  made 
on  the  gate  itself  to  provide  a  reservoir  for  feeding  the  parts 
where  the  shrinkage  is  liable  to  occur.  These  shrinkers  are 
used  in  addition  to  the  chills  already  mentioned.  The 
shrinkage  that  is  liable  to  occur  in  the  center  of  a  very 
heavy  section  is  usually  prevented  by  placing  a  large  riser 
on  the  casting  itself  and  breaking  it  off  after  the  metal  has 
set,  but  while  it  is  still  hot. 


TAPPING    AND   POURING    THB    IRON. 

27.  TapplniE  the  Iron. — In  tapping  out  a  heat  the 
molders  must  form  in  lines  and  catch  the  metal  in  turn.  It 
is  essential  that  each  man  catch  the  iron  promptly  and  that 
the  line  be  unbroken.  This  will  enable  the  melter  to  give 
the  men  a  larger  stream  of  metal,  the  heat  is  taken  off  more 
quickly,  and  the  molders  return  to  the  floor  or  bench  earlier 
than  if  the  work  were  done  in  an  irregular  and  unsystem- 
atic manner.  To  do  this  property,  it  is  necessary  to  have 
adequate  space  in  front  of  the  furnace,  long  bod  sticks  so 
that  the  men  are  not  interfered  with  unnecessarily,  a  good 
foreman,  molders  who  understand  their  work  thoroughly, 
and  every  step  of  the  process  systematized  as  far  as  possi- 
ble. When  such  a  plan  is  in  perfect  operation  the  cost  of 
the  castings  is  reduced  correspondingly. 

It  is  very  important  that  the  heat  be  removed  from  the 
furnace  as  quickly  as  possible,  If  the  pouring  is  prolonged 
unduly,  the  metal,  which  at  the  beginning  of  pouring  was 
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hot  and  fluid,  may  become  cool  and  sticky  from  the  oxidizing 
process  that  goes  on  in  the  furnace,  and  which  becomes 
even  more  rapid  as  the  bath  becomes  thinner.  For  this  rea- 
son it  often  occurs  that  the  last  portion  of  a  heat,  which  at 
the  beginning  was  in  the  right  condition,  must  be  thrown 
away  or  cast  into  pots. 

28.  Pouring;  tbe  Iron. — In  pouring  the  iron,  it  is 
necessary  to  place  the  Hp  of  the  ladle  close  to  the  pouring 
gate  of  the  mold,  and  to  pour  the  iron  until  the  gate  or  the 
pouring  basin,  if  one  is  provided,  is  just  filled.  By  a  very 
slight  tilt  of  the  ladle  as  much  of  the  contents  of  the  ladle 
as  may  be  needed  is  shot  into  the  mold.  The  castings  for 
this  class  of  work  are  exceedingly  hard  to  run  full,  as  the 
iron,  in  running  through  the  damp  sand  of  which  the  mold 
is  composed,  is  liable  to  become  chilled,  and  sometimes  set, 
before  the  mold  is  completely  filled.  The  iron  for  malleable 
castings  must  be  very  hot,  and  in  order  that  it  may  fill  tbe 
mold  entirely  before  it  is  chilled,  it  must  be  poured  as  quickly 
as  possible.  It  is  claimed  by  some  foundrymen  that  this 
can  be  accomplished  better  with  the  shallow  form  of  ladle, 
shown  in  Fig.  18,  as  tilting  the  handle  slightly  will  suddenly 


throw  a  larger  body  of  metal  into  the  mold.  It  is  claimed 
by  others,  however,  that  the  metal  cools  more  rapidly  in  the 
shallow  ladle,  and  that  this  cooling  offsets  the  advantages 
claimed,  while  the  metal  can  be  poured  as  rapidly  with  the 
common  deep  ladle  used  in  gray-iron  foundries  as  the  gate  of 
the  ordinary  mold  will  carry  it  away.  Some  even  prefer  to 
use  a  tadle  narrower  at  the  top  than  the  bottom,  to  prevent 
the  iron  from  splashing  or  chilling. 
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Molders  not  aware  of  the  tendency  of  the  iron  to  chill 
in  the  mold  may  pour  a  number  of  castings  and  not  notice 
their  defects  until  they  are  shaken  out  of  the  sand.  When 
there  is  any  doubt  as  to  the  temperature  of  the  iron,  it  is 
advisable  to  try  it  on  a  fairly  thin  casting  and  observe 
whether  or  not  it  runs  out  of  the  vent  holes;  if  it  does,  it  is 
usually  considered  safe  to  use  it. 

In  practically  all  malleable  works  a  limited  number  of 
gray-iron  castings  are  made  for  their  own  use,  especially 
when  a  cupola  is  used  to  make  pots.  It  thus  sometimes  hap- 
pens that  gray  iron  is  poured  into  malleable  molds,  and 
vice  versa;  the  gang  foreman  must  be  especially  careful  to 
prevent  this  mistake,  as  a  gray  casting  is  ruined  in  the 
annealing  oven  and  a  white  one  cannot  safely  be  used  where 
one  of  gray  iron  is  required. 


CLEANING    AND   ASSORTING    HARD    CASTINGS. 

29.  Hard  Tumbllns. —  In  raalieable-iron  work  the 
term  hard  caatlags  is  used  to  denote  castings  that  have 
not  been  annealed,  while  soft  castlncs  are  those  that  are 
annealed. 

When  the  iron  has  been  poured  and  the  castings  allowed 
to  cool  at  least  untiJ  they  have  turned  black,  or  until  they 
are  perfectly  cold,  the  mold  is  shaken  out  and  the  gates 
knocked  off.  The  castings  and  gates  are  placed  on  separate 
piles  along  the  gangways  or  they  may  be  taken  directly  to  the 
cleaning  rooms  and  cleaned.  The  cleaning  of  ordinary  cast- 
ings is  generally  done  by  tumbling  them  in  tumbling  barrels 
that  resemble  those  used  in  gray-iron  foundries.  The  rooms 
in  which  the  hard  castings  are  cleaned  are  called  the  hard- 
tumbling  rooms  and  the  tumblers  are  called  hard 
tumblers. 

The  tumbling  creates  a  large  amount  of  dust,  for  which 
reason  it  is  generally  done  by  a  night  shift,  except  where  an 
exhaust  system  is  used.  With  the  large  number  of  barrels 
required  in  a  large  foundry,  the  dust  frequently  becomes  so 
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thick  that  it  obscures  the  electric  arc  lights  while  the  noise 
is  at  the  same  time  deafening.  It  is,  however,  necessary  to 
remove  the  sand  from  the  castings  before  annealing  them, 
as  they  would  not  otherwise  be  salable.  The  castings,  there- 
fore, go  directly  from  the  floors  of  the  foundry  to  the  tum- 
bling  barrels.  When  rods  are  used  in  the  cores  of  large  cast' 
ings,  these  are  removed  before  the  castings  go  to  the  barrels. 
Small  or  delicate  castings  are  not  placed  in  barrels  with  large 
heavy  work,  but  are  cleaned  separately. 

It  is,  as  a  rule,  advisable  to  tumble  the  sprues  in  a  sepa- 
rate barrel  of  rather  large  dimensions,  in  which  slag  and 
skimmings  containing  globules  uf  iron,  called  shot  iron, 
that  may  have  been  carried  off  with  the  refuse  or  spilled  in 
the  handling,  may  also  be  tumbled.  The  spaces  between 
the  tumbling- barrel  staves  are  very  small,  hence  the  dirt 
must  be  tumbled  quite  flne  to  sift  through,  and  much  shot 
iron  that  is  too  targe  to  pass  through  the  opening  is  there- 
fore recovered. 

30-  The  tumbling  barreis,  a  type  of  which  is  shown  in 
Fig.  19   generally  consist  of  two  heads  a,  a,  with  a  set  of 


staves  b  bolted  on  them,  the  whole  forming  a  structure 
shaped  like  a  barrel.  Sometimes,  however,  they  are  simply 
sheet-steel  drums.  The  barrels  or  drums  rest  upon  friction 
rollers  c,  c,  as  shown,  or  are  mounted  on  shafts  that  run  in 
bearings  and  are  driven  by  means  of  spur  gearing  or  friction 
wheels.     A  good-sized  barrel,  about  3  feet  in  diameter  and 
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5  feet  long,  usually  requires  about  6  "horsepower  to  run  it 
when  charged. 

31.  In  the  best  practice  the  tumbling  barrels  arc 
equipped  with  an  exhaust  system  attached  to  the  roiling 
barrels,  which  prevents  the  dust  from  falling  through  the 
cracks  between  the  barrel  staves.  The  air  is  exhausted 
through  a  hollow  shaft  at  the  ends  of  the  barrel  and  clean 
air  is  drawn  in  through  the  openings  between  the  staves, 
or  if  a  steel  drum  is  used,  through  perforations  in  the  head 
opposite  the  hollow  shaft,  only  one  exhaust  opening  being 
used  in  this  case.  By  the  use  of  the  exhaust  system,  the 
air  in  the  cleaning  room  is  kept  free  from  dust  and  the  men 
are  able  to  do  more  and  better  work. 

Pig.  30  illustrates  a  plant  equipped  with  such  a  system. 
The  exhaust  pipes  a  leading  from  the  barrels  are  connected 


to  a  main  conduit  d,  which  is  connected  to  an  exhaust  fan  c, 
through  the  conduits'^  and  t-,  and  the  dust  box/.  The  latter 
is  provided  with  a  deflector  plate  g^,  which  causes  the  dust  to 
drop  into  water  in  the  bottom  of  the  box.  The  water  space 
is  so  constructed  that  it  forms  a  water  seal  and  at  the  same 
time  permits  the  dust  to  be  conveniently  removed.  This 
arrangement  prevents  the  heavier  particles  from  passing 
through  the  fan,  thus  preventing  the  grinding  that  would 
otherwise  take  place  and  lengthening  the  life  of  the  fan. 

The  conduits  should  be  so  calculated  that  equal  suction 
is  exerted  on  each  barrel  without  regard  to  the  number  of 
barrels  in  use,  and  blast  gates  should  be  provided  at  suitable 
points  to  make  the  system  perfectly  flexible.  The  exhaust 
fan  is  placed  at  the  extreme  end  of  the  line,  and  if  a  water 
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seal  is  not  used,  provision  should  be  made,  if  possible,  to 
catch  the  dust  in  suitable  pockets  along  the  line.  The  finest 
material,  which  is  drawn  through  the  fan,  is  blown  out  into 
the  open  air. 

32.  The  tumbling  barrels  of  whatever  type  they  may 
be  are  charged  with  a  few  hundred  pounds  of  small, 
star-shaped,  white-iroa  castings,  commonly  called  stars, 
or  broken  pieces  of  white-iron  sprues,  which  aid  in  cleaning 
the  surfaces  of  the  castings.  The  castings  are  put  in  on  top 
of  these  until  the  barrels  are  about  half  full,  when  they  are 
securely  closed.  The  barrels  are  then  set  in  motion  and  the 
castings  tumbled  until  they  are  clean.  The  average  time 
required  to  clean  the  castings  is  10  minutes,  though  it  some- 
times takes  a  whole  day;  by  the  ease  with  which  the  clean- 
ing is  done  the  operator  may  know  whether  or  not  the  iron 
has  been  overheated  in  the  furnace  and  burned. 

The  object  of  tumbling,  as  stated  above,  is  to  remove  the 
molding  sand  that  adheres  to  the  casting  after  the  molds  are 
shaken  out.  If  the  molds  are  shaken  out  when  the  cast- 
ings are  still  hot,  the  sand  is  frequently  burned  on  so  strongly 
that  the  subsequent  rolling  does  not  remove  it,  but  leaves  a 
polished  enamel  of  sand  on  the  casting.  This  is  due  to  the 
oxidation  of  the  iron  in  the  air  while  red  hot  and  the  forma- 
tion of  a  silicate  of  iron  with  the  sand,  which  is  really  a 
slag.  If  this  material  should  be  allowed  to  get  into  the 
annealing  pots,  where  it  would  be  in  contact  with  the  oxide 
of  iron  packing,  it  would  produce  more  siHcious  slag  and  the 
castings  would  have  a  bad  appearance  and  be  unsalable. 

The  oxidation  that  takes  place  in  the  air  when  the  molds 
are  shaken  out  while  the  iron  is  still  hot,  and  the  consequent 
burning  on  of  the  sand,  produces  practically  the  same  result 
as  a  burned  heat,  that  is,  a  heat  that  has  been  oxidized  in 
the  furnace  before  it  is  tapped  out.  The  internal  angles  of 
the  castings  will  have  long  lines  of  burned  sand,  which  can 
be  removed  only  by  chipping.  As  soon  as  the  castings  are 
clean,  the  barrel  is  stopped  in  a  convenient  position  and 
opened,  and  the  castings  taken  out. 
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When  heavy  castings  are  tumbled,  sticks  of  wood  are 
placed  in  the  barrel  to  take  the  heavy  blows  of  the  metal. 
Sometimes  the  castings  are  even  wedged  into  the  barrels  and 
the  stars  allowed  to  tumble  about  them  as  the  barrels  . 
revolve.  A  good  tumbling-room  foreman  will  study  his 
castings  carefully  before  he  puts  them  into  the  barrels  and 
will  so  pack  them  that  there  will  be  the  least  possible  loss  by 
breakage. 

33.  Sand  Blast. — Sand  driven  at  a  high  velocity  against 
a  dirty  casting  will  clean  it  in  a  few  seconds,  and  in  specialty 
shops  this  method,  which  is  known  as  the  sand  blast,  is 
gradually  coming  into  general  use.  The  apparatus  required 
consists  simply  of  sand  reservoirs,  with  which  a  compressed- 
air  supply  pipe  is  connected  in  such  a  manner  that  the  air 
drives  the  sand  against  the  casting.  A  suitable  hose  con- 
veys the  air  and  sand  to  the  place  where  it  is  to  be  used. 
Some  auxiliary  apparatus  is  also  required  for  hoisting  the 
sand  to  the  tanks,  washing  out  the  dust,  and  drying  it. 
While  this  method  is  very  effective,  it  is  exceedingly  trouble- 
some, expensive,  disagreeable  to  the  workmen,  and  shows 
the  surface  defects  of  a  casting  too  plainly  to  be  generally 
appreciated, 

34.  Cleaning  by  Hand. — A  simple  scratch  brush,  old 
files,  chisels,  and  hammer  are  all  the  tools  that  are  necessary 
to  clean  castings  by  hand.  All  delicate  castings  that  may 
be  injured  by  rough  handling  or  by  tumbling,  or  pieces 
required  in  a  great  hurry,  are  cleaned  by  this  method. 

As  there  is  little  facing  used  in  malleable-iron  molding, 
the  castings  are  sometimes  so  thickly  incrusted  with  sand 
as  to  be  almost  unrecognizable.  The  sand  rolled  or  brushed 
off  is  in  that  case  preserved  and  sent  to  the  annealing  room, 
where  it  is  used  to  make  the  mud  or  mixture  that  is  used  to 
lute,  or  seal  up,  the  openings  about  the  oven  doors,  and  also 
sometimes  to  cover  the  pots  and  the  openings  between  the 
pot  sections. 

35.  Pickling. — Hard  castings  are  also  cleaned  by 
immersing  them  in  a  si>lution,  called  a  plckllnR  Holutlon, 
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that  removes  the  sand.  This  method  is  of  great  importance, 
for  if  properly  done  the  cost  will  not  be  greater  than  when 
cleaned  by  tumbling.  Two  different  solutions  are  success- 
fully used  for  this  purpose.  In  the  one,  sulphuric  acid  is 
the  active  agent,  while  in  the  other  hydrofluoric  acid  is  used. 
The  latter  is  preferable,  as  it  dissolves  the  sand,  while  sul- 
phuric acid  only  dissolves  the  iron  under  the  sand  and  thus 
permits  it  to  fall  off.  The  sulphuric-acid  solution  is  made  of 
about  1  part  of  sulphuric  acid  to  10  parts  of  water,  and  the 
hydrofluoric-acid  solution  of  1  part  of  hydrofluoric  acid  to 
30-or  40  parts  of  water.  Warming  up  promotes  the  action  of 
both  these  solutions.  When  castings  are  cleaned  by  pick- 
ling, they  are  not  broken,  but  they  must  generally  remain 
in  the  bath  over  night,  which  causes  considerable  delay, 
when  they  must  be  produced  in  the  shortest  possible  time. 

Unusual  precautions  must  be  taken  in  handling  these 
acids,  especially  the  hydrofluoric,  a  drop  of  which  in  its  con- 
centrated form  causes  a  sore  that  may  take  about  6  weeks 
to  heal.  It  is  advisable  to  use  rubtier  gloves  when  handling 
it.  Where  pickling  is  carried  on  extensively  the  solution  is 
kept  in  large  wooden  tanks,  provided  with  lead  steam  siphon 
pumps  to  transfer  the  pickling  fluid  from  one  tank  to  another. 
Plenty  of  water  must  be  available  to  wash  the  sand  and 
scum  out  of  the  tank  after  the  castings  have  been  treated. 
If  the  castings  are  allowed  to  rust  before  they  are  pickled, 
they  will  come  from  the  annealing  process  clean  and  free 
from  scale. 

It  is  advisable  to  have  an  extensive  malleable- iron  plant 
equipped  with  tumbling  barrels,  benches  and  chisels  for 
hand  cleaning,  pickling  baths,  and  possibly  the  sand  blast, 
in  order  to  be  able  to  use  any  method  that  may  be  most 
suitable  for  the  work  in  hand. 

36.  Assortinu. — When  the  castings  have  been  cleaned, 
they  go  to  an  assorting  room,  in  which  they  are  inspected 
carefully,  defective  ones  are  rejected,  the  gates  chipped  off, 
the  castings  separated  into  suitable  classes  and  weighed, 
_after  which  they  are  ready  to  go  to  the  annealing  room. 
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The  assorting,  or  trimming,  room  is  one  of  the  most  impor- 
tant departments  of  a  malleable-iron  works.  Here  all  the 
bad  work  comes  to  light.  If  any  pieces  are  rejected,  the 
inspectors  go  over  the  bad  work  with  the  molders.  Experi- 
enced men  are  required  to  do  good  work  in  this  department ; 
they  must  know  how  to  discover  hidden  flaws,  must  chip  off 
the  gates  without  digging  holes  into  the  castings,  yet  remove 
all  the  unnecessary  hard  metal.  The  weighing  is  all  done 
in  this  department  and  the  pay  of  the  piece  workers  made 
out.  In  order  to  do  justice  to  the  men  and  to  the  firm, 
men  of  good  judgment  and  perfect  honesty  are  required. 
The  department  should  also  be  well  organized  in  order  that 
the  work  may  be  done  in  the  most  efficient  manner.- 

A  careful  account  should  be  kept  of  the  number  of  good 
and  bad  pieces  of  an  order,  so  that  the  molding  loss  of  the 
day  may  be  ascertained.  In  a  well-organized  shop  this 
should  not  exceed  10  per  cent.  When  it  runs  above  this 
amount  a  careful  investigation  should  be  made  to  determine 
the  causes,  whether  from  the  iron,  the  molding,  or  the  clean- 
ing, and  immediate  steps  should  be  taken  to  correct  the 
fault. 
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MALLEABLE-IRON   PRODUCTION. 

(Conttaued.) 


ANNEALING-DEPARTMENT    PROCESSES    AND 
EQUIPMENT. 

ANNEALING    PROCESS. 

I.  Chemical  and  Pbyslcal  Changes  Produced. 
The  annealing  process  consists  of  heating  the  castings  to 
the  temperature  necessary  to  change  the  carbon  from  com- 
bined to  temper  carbon,  and  holding  them  at  that  tempera- 
ture until  the  change  is  completed.  As  the  castings  are  held 
a  long  time  at  a  red  heat  they  must  be  packed  in  a  suitable 
packing  material,  as  explained  later  on,  to  prevent  their  warp- 
ing and  burning.  It  has  been  found,  however,  that  the  change 
in  the  condition  of  the  carbon  takes  place  independently  of 
the  surroundings  of  the  castings  if  the  temperature  is  just 
right;  but  if  the  temperature  is  too  low,  no  change  takes 
place;  if  too  high,  the  castings  are  burned.  It  is  not  advisable, 
however,  to  attempt  to  do  practical  annealing  without  pack- 
ing the  castings  in  a^suitable  material,  owing  to  the  danger 
of  burning  them  if  the  temperature  should  become  too  high. 

When  a  casting  is  burned  in  annealing,  the  fracture  is  dis- 
tinctly crystalline  in  appearance,  but  of  an  altogether  differ- 
ent nature  than  the  crystallization  of  the  hard  iron.  The 
§53 
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crystals  are  so  hard  that  they  scratch  glass  easily  and  are 
often  as  large  as  J  inch  on  their  fiat  faces.  When  castings 
come  from  the  annealing  ovens  without  being  fully  annealed 
they  should  be  repacked  and  reannealed,  care  being  taken 
to  place  them  in  the  least  exposed  portions  of  the  oven  to 
save  them  from  burning.  There  is  a  general  impression 
that  such  castings  are  spoiled,  but  this  is  not  the  case 
although  they  are  undoubtedly  weakened. 

The  annealing  process  to  which  the  white  castings  are 
subjected  in  order  to  convert  them  into  malleable  iron, 
is  intended  to  change  the  combined  carbon  to  the  form 
of  temper  carbon,  and  to  remove  a  portion  of  the  carbon 
from  the  iron  lying  near  the  surface,  thereby  making  it 
approach  the  composition  of  steel  as  nearly  as  possible.  This 
change  in  the  percentage  of  carbon  is  illustrated  in  Fig,  1, 


which  represents  a  piece  of  hard  iron  broken  in  two  and  one 

portion  of  it  annealed.  The  percentages  of  carbon  in  the 
annealed  part,  at  intervals  of  ^  inch  from  the  surface,  are 
given  in  the  table  at  the  right  iif  the  illustration.  The  data 
given  were  obtained  by  actual  experiment.  A  sample  about 
IJ  inches  thick  was  selected  and  cuts  -^  inch  thick  taken 
over  it  with  a  shaper,  and  the  chips  of  each  cut  saved  and 
analyzed.  Before  annealing,  the  casting  contained  4.06  per 
cent,  of  carbon,  nearly  all  combined.  After  annealing,  the 
first  3*jinch  contained  only  .3  per  cent.,  the  second  1.65  per 
cent.,  the  third  2.8  per  cent.,  the  fourth  3.1*5  per  cent.,  and 
the  fifth  4  per  cent.,  while  the  remainder  of  the  piece  aver- 
aged 4.05  per  cent.,  only  .01  per  cent,  lower  than  the  per- 
centage contained  in  the  hard  casting. 
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2.  The  carbon  in  the  hard  casting  was  nearly  all  of  the 
combined  form,  while  in  the  annealed  part  it  was  nearly  all 
in  the  form  of  temper  carbon.  The  effect  of  the  decarbon- 
izing, it  will  be  seen,  is  scarcely  noticeable  beyond  a  depth  of 
t'j  inch.  Pieces  that  are  only  about  |  inch  thick  will  resemble 
steel  in  their  nature;  they  may  even  be  hardened  by  heat- 
ing them  properly  and  plunging  them  into  water.  It  will, 
however,  be  noticed  that  the  skin  of  the  casting  is  too  low  in 
carbon  to  work  well  as  steel,  but  it  may  be  enriched  in  carbon, 
if  desired,  by  a  case-hardening  process.  It  will  then  have  a 
composition  that  will  behave  like  steel,  when  not  subjected 
to  excessively  hard  treatment,  and  is  much  cheaper  if  used 
for  tools  that  are  expensive  if  forged.  Milling  cutters,  chis- 
els, and  wood-working  cutters  made  in  this  way  give  excel- 
lent service,  and  many  hatchets  and  hammers  are  sold  as 
cast  steel  that  are  in  reality  case-hardened  and  tempered 
malleable  castings. 

Another  method  of  recarbonizing  the  skin  of  a  malle- 
able casting,  which  is  practically  wrought  iron,  consists  of 
dipping  tlie  malleable  castings  into  a  crucible  of  melted  high- 
carbon  steel.  This  method  is  used  especially  in  the  manu- 
facture of  scissors.  Case-hardening  with  potassium  ferro- 
cyanide  (yellow  prussiate  of  potash)  gives  the  best  results, 
however.  Malleable;  iron  made  by  the  open-hearth  process, 
in  which  the  carbon  is  near  the  minimum  limit,  shows  a  nice 
black  fracture.  When  heated  to  a  red  heat  and  plunged  in 
water  its  structure  will  be  changed  to  the  finest  steely  grain 
and  every  sign  of  blackness  will  be  gone,  the  temper  carbon 
seemingly  being  recombined.  The  strength,  however,  is 
not  great.  In  straightening  warped  castings,  therefore, 
they  should  not  be  heated,  as  the  recombining  of  the  carbon 
again  causes  a  white  fracture  and  tends  to  destroy  the  power 
to  resist  shocks.  They  are  therefore  liable  to  be  condemned 
and  returned  by  the  purchaser. 

3.  Extent   to  Which  Annealing  Is  Carried.— The 

extent  to  which  the  annealing  process  is  carried   depends 
largely  on  the  amount  of  time  available.     When  work  must 
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be  produced  in  a  very  short  time  and  the  duty  of  the  castings 
is  not  too  exacting,  the  time  during  which  they  are  allowed 
to  remain  in  the  annealing  oven  is  comparatively  short.  On 
the  other  hand,  when  the  conditions  permit  or  require  it, 
the  time  is  lengthened  accordingly.  In  the  case  of  emer- 
gency work,  when  it  may  be  necessary  to  ship  the  castings 
the  day  after  they  are  cast,  they  may  be  placed  over  night 
in  an  open-hearth  melting  furnace,  the  temperature  of 
which  is  kept  so  that  the  castings  are  just  short  of  a  full  red 
heat;  in  the  morning  the  castings  will  be  annealed  suffi- 
ciently to  ship,  but  the  strength  will  be  below  that  of  cast- 
ings that  have  been  treated  in  the  regular  way.  Castings 
annealed  by  this  quick  method  should  not  be  cooled  in  lime; 
in  fact,  lime  should  be  kept  away  from  the  annealing  room 
entirely,  as  it  tends  to  eat  out  large  blotches  from  the  skin 
of  the  castings,  and  thus  destroy  their  appearance. 

4.  Packing  Materials. — Castings  may  be  annealed 
when  packed  in  sand,  iireclay,  or  any  other  inert  substance, 
but  the  skin  will  not  be  decarbonized  to  the  same  extent  as 
when  packed  in  oxide  of  iron.  The  object  of  packing  in 
oxide  of  iron  is  therefore  not  only  to  hold  up  the  form  of 
the  work,  but  to  assist  in  removing  some  of  the  carbon.  How 
this  is  done  is  yet  in  doubt.  Some  investigators  claim  that 
the  oxygen  penetrates  the  castings  and  actually  burns  the 
carbon  out  of  them;  others  think  that  the  iron  burns 
first  and  that  the  carbon  rather  diffuses  out  in  a  manner 
similar  to  that  in  which  sulphur  is  known  to  leave  a  casting 
on  continued  heating. 

The  packing  material  generally  used  for  iron  melted  in  a 
furnace  is  puddle  scale,  although  rolling-mill  scale  is  also 
used  with  good  results.  For  iron  melted  in  a  cupola,  hema- 
tite ore,  pulverized,  is  better.  A  temperature  of  about 
1,600  or  1,800°  F.  is  required  to  anneal  cupola  iron,  while 
furnace  iron  will  anneal  at  a  temperature  as  low  as  1,250°  F. 
and  the  temperature  should  not  exceed  1,400°  F.  Hematite 
ore  can  be  heated  readily  to  the  highest  temperature  given 
above  without  baking  seriously,  while  puddle  scale,  being  a 
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silicate  of  iron  mixed  with  oxide,  will  fuse  at  1,600°  F.,  burn 
on  the  casting,  and  in  melting  will  run  between  the  castings. 
This  tends  to  warp  and  bind  them  together,  forming  a  mass 
that  cannot  be  used  in  a  malleable- iron  foundry,  and  must 
usually  be  sold  to  blast  furnaces  at  a  very  low  price. 

5.  The  necessity  of  thoroughly  cleaning  hard  castings 
becomes  apparent  in  the  annealing  process.  If  any  of  the 
molding  sand  is  allowed  to  remain  upon  them,  when  sub- 
jected to  a  high  temperature,  it  combines  with  the  iron 
oxide  in  the  scate  and  increases  its  fusibility.  The  silicon 
that  enters  the  packing  material  soon  works  down  to  a  fine 
dust;  to  prevent  its  accumulation  in  sufficiently  large  quan- 
tities to  become  seriously  objectionable,  the  scale  should  be 
screened  occasionally  and  the  finest  dust  thrown  away. 
When  the  scale  has  been  overheated  and  baked  together  for 
a  time  there  will  be  little  dust  to  screen  out. 

In  America,  puddle  scale  is  used  almost  exclusively  as  an 
annealing-furnace  packing  by  the  founders  producing  the 
heavier  classes  of  work.  This  material,  which  is  the  slag 
squeezed  out  of  the  iron  produced  by  the  puddling  process, 
always  contains  lumps  of  iron,  which,  however,  are  not 
objectionable.  It  should  be  clean  and  free  from  fine  dust 
and  fairly  dry  when  received.  When  the  first  supply  has 
been  purchased,  there  should  be  no  need  of  buying  any 
more,  as  the  pots  in  burning  away  furnish  flakes  of  oxide  of 
iron,  which,  when  crushed,  form  ideal  scale.  There  Is  a  ten- 
dency for  the  scale  to  gradually  work  itself  into  a  better 
oxide,  as  the  silicates  are  screened  out  in  the  form  of  dust, 
leaving  a  clean,  pure  oxide  of  iron  behind.  This  tendency 
may  be  hastened  by  sprinkling  the  scale  with  sal  ammoniac 
dissolved  in  water  after  each  time  it  has  been  used,  to  rust 
it  thoroughly.  This  practice,  however,  is  now  abandoned 
almost  entirely  in  the  larger  works,  and  more  oxide  in  the 
scale  is  obtained  by  adding  steel  borings  in  order  to  let  the 
oxidation  attack  these,  thus  sparing  the  castings. 

When  the  scale  has  been  used  for  some  time,  it  should  be 
in  the  form  of  grains  about  the  size  of  a  small  pea.     \n  this 
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form  it  readily  runs  between  the  castings  and  packs  them 
tightly.  Larger  pieces  cause  air  passages  between  the  cast- 
ings and  also  allow  them  to  sink  down  and  become  warped ; 
smaller  pieces  give  trouble  by  baking  together  when  the 
temperature  becomes  a  little  too  high. 


ANNEALING  POTS  AND  FURNACB8. 

6.  Anneallns  pots  consist  of  three  or  four  cast-iron 
boxes,  without  bottoms,  set  on  a  stool.      They  are  preferably 

made  of  a  special  iron  capable  of  resist- 
ing high  temperatures,  although  many 
pots  used  are  made  from  the  regular 
malleable-iron  mixture.  The  mixture, 
when  especially  prepared  for  this  pur- 
pose, has  been  given  in  Malleable  Cast. 
""■  *■  ing.  Part  1.     Their  shapes  may  vary 

considerably;  they  may  be  square,  oblong,  round,  or  have 
special  shapes  to  suit  the  castings  going  into  them;  the  form 
generally  used,  however,  is  shown  in  Fig.  3.  The  inside  dimen- 
sionsarelOin.  X  23  in.  X  15  in. ;  the  thicknessof  stocktapers 
from  1  inch  down  to  J  inch,  the  taper 
being  intended  for  draft  in  molding. 
One  form  of  the  stool  on  which  the 
pots  rest,  wliich  is  cast  of  the  same 
mixture  as  the  pots,  is  shown  in 
Fig.  3.  The  top  plate  a  extends  several  inches  beyond  the 
end  feet  b,  b,  so  that  the  prongs  of  a  truck  may  be  run  under 
them  for  the  purpose  of  picking  them  up  and  carrying  them 
to  and  from  the  annealing  oven. 

7.  Packing  the  Annenllng  Pots.  —  In  charging 
annealing  pots,  one  box  is  set  upon  a  stool  and  a  few  shovel- 
fuls of  scale  thrown  in  to  cover  the  bottom  to  a  thickness  of 
about  1  or  2  inches ;  then  the  castings  are  laid  in  closely  and 
in  such  a  way  that  they  will  readily  resist  any  tendency  to 
sag  downwards.  About  1  inch  of  scale  should  lie  between 
the  pot  and  the  castings.  The  packer  now  fills  in  scale, 
stamping  it  down  with  bars,  at  the  same  time  pounding  the 
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box  on  both  sides  to  settle  down  the  scale  into  a  tight  mass. 
Layer  upon  layer  of  castings  go  In  in  this  way.  When  the 
first  box  is  filled,  another  box  is  placed  upon  it,  then  a  third, 
and  finally,  if  desired,  a  fourth  one  may  be  added.  When 
long,  slender  castings  are  to  be  annealed,  the  fourth  box  is 
required. 

When  the  packing  is  finished,  either  a  plate  of  iron  may 
be  put  on  the  top,  or  it  may  be  covered  with  about  1  inch  of 
mud,  which  is  made  up  of  the  sand  removed  from  the  cast- 
ings in  the  hard-tumbling  room  mixed  with  enough  water  to 
make  a  stiif  paste.  At  the  same  time  the  cracks  between 
the  boxes,  in  fact,  all  openings,  may  be  mudded  up  and  the 
pot  turned  over  to  the  charging  gang.  If  mud  is  used,  it 
must  not  be  allowed  to  mix  with  the  scale,  and  must  be  care- 
fully cleaned  off  before  the  pots  are  emptied.  This  takes 
considerable  time,  and  the  pots  are  therefore  often  left  open, 
the  scale  being  simply  rounded  up  on  them.  This,  however, 
causes  the  scale  to  cake,  but  it  is  claimed  that  it  is  less  expen- 
sive to  tumble  the  scale  occasionally  than  to  clean  off  the 
mud  after  each  heat. 

In  packing  the  pots,  the  following  precautions  should  be 
taken:  Delicate  castings  should  go  In  the  middle  of  the  pi>t, 
where  the  heat  is  not  so  intense  as  at  the  top.  If  large, 
heavy  castings  are  packed,  light  ones  may  go  beside  them 
with  safety.  If  the  castings  are  too  thin  to 
bear  a  weight  above  them,  they  may  be  placed 
in  the  upper  part  of  a  pot,  but  must  be  placed 
in  the  portion  of  the  furnace  farthest  away  from 
the  fire;  the  same  is  true  of  castings  that  must 
be  reannealed.  When  work  is  packed  that  it  is 
essential  to  trace,  or  locate,  immediately  when 
the  furnace  has  cooled,  it  is  customary  to  place 
a  brick  on  top  of  the  pot,  which  acts  as  a  good 
marker.  The  pots  can  also  be  streaked  with 
mud,  which  is  red  and  quite  legible  on  the  black 
background  of  the  pot,  when  it  emerges  from 
the  oven.  Fig.  4  shows  a  pot  that  is  ready  to  be  placed 
in  the  oven. 
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The  course  of  the  hot  gases  in  an  annealing  oven  is  down- 
ward, so  that  the  top  of  the  pot  is  the  most  exposed  to  the 
action  of  the  heat  and  hence  wastes  away  more  rapidly  than 
the  bottom.  The  anneaUng-room  foreman  must  therefore 
be  careful  to  work  the  upper  sections  of  the  pots  gradually 
into  the  lower  sections,  so  that  an  average  service  may  be 
obtained  from  them  all.  New' pots  are  liable  to  crack  when 
first  subjected  to  the  high  temperature  of  the  annealing 
oven,  but  if  they  do  not  crack  the  first  time,  they  will  prob- 
ably give  good  service.  Unless  a  crack  runs  across  opposite 
sides,  the  pot  can  still  be  used  by  placing  a  piece  of  an  old 
annealing  pot  inside,  thus  covering  up  the  crack,  and  luting  it 
well  with  mud.  Eventually,  however,  it  will  open  up  too  much 
to  be  made  serviceable  in  this  way  and  must  be  discarded. 

8.  The  life  of  aaaeallng  pots  varies  considerably.  If 
the  iron  of  which  they  are  cast  is  tc^  gray,  they  will  last  only 
3  or  4  heats;  if  the  iron  is  good,  the  average  life  is  about 

9  heats,  when  coal,  oil,  producer  gas,  or  natural  gas  with  no 
regulation  is  used.  With  natural  gas  carefully  regulated  to 
a  low  presssure  and  a  constant  supply,  the  actual  average  of 
a  furnace  full  of  pots  has  been  found  to  be  li)f  heats.  This 
shows  clearly  that  care  in  the  management  of  the  fires  may 
effect  a  great  saving  in  cost  of  pots  alone. 

The  sides  of  the  boxes  will  gradually  bulge  out  and  become 
rounded,  the  edges  will  waste  away,  and  iinaily  it  will  pay 
to  discard  them.  They  can  be  cut  up  and  rcmelted  in  the 
regular  cupola  charge  for  annealing  boxes;  but  this  is  not 
advisable,  as  they  are  heavily  charged  with  oxide,  which  if 
used  for  the  new  boxes  makes  them  less  able  to  resist  the 
high  temperature. 

9.  Annealing   Ovens. — The  general  principle  of  the 

annealing  oven  is  the  same  as  that  of  a  down-draft  furnace. 
Fig.  5  shows  the  arrangement  of  an  oven  equipped  for  the 
burning  of  natural  gas.  The  gas  and  air  enter  the  oven 
at  one  end  a;  the  flame  strikes  the  wall  6  and  travels  up, 
strikes  the  vaulted  roof  c,  and  is  deflected  downward;  the 
hot  gases  then  strike  the  pots  e  and  pass  down  through 
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the  flues  f  In  the  bottom  of  the  oven  and  out  through  the 
flues  g,  h  to  the  chimney  /.  A  damper  _;*  is  placed  in  the 
chimney  flue  h  to  regulate  the  draft. 


Ovens  are  usually  built  in  batteries  of  five  or  six,  if  of 
a  large  size,  and  ten  or  twelve  if  small.  They  are  built 
against  one  another  and  the  tie-rods  extended  all  along  the 
top;  much  material  is  saved  by  this  arrangement.  The 
ovens  are  moreover  kept  fairly  warm  during  the  charging, 
as  alternate  ovens  are  usually  kept  in  fire  all  the  time,  in 
order  to  keep  the  draft  uniform,  especially  when-  they  all 
coipmunicate  with  one  stack. 

The  temperature  of  an  annealing  oven  is  not  as  high  as 
that  of  a  melting  furnace  and  it  can  be  built  of  much 
cheaper  material;  No,  3 
firebrick  may  be  used 
for  the  lining  and  com- 
mon red  brick  for  the 
outside  walls.  The  con- 
necting walls  between 
two  ovens  are  made  of 
9-inch  red  brick  faced 
with  4- inch  firebrick, 
while  the  crown  is  made 

of  9-inch  firebrick  covered  with  4-inch  red  brick,  as  shown 
in  Fig.  6.     Great  care  must  be  taken  to  get  a  good  bond,  or 
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joint,  between  the  two  kinds,  as  the  red  brick  is  smaller  than 
firebrick.  The  high  heat  has  a  tendency  to  disintegrate  the 
brickwork  eventually,  and  it  must  constantly  be  kept  in 
repair  by  a  bricklayer. 

The  floor  of  ovens  that  are  charged  by  means  of  a  truck 
is  made  of  large  tile,  which  covers  the  flues  in  which  the 
escaping  gases  circulate  before  going  out  through  the  chim- 
ney flue,  thus  keeping  the  bottom  hot.  The  floors  of  ovens 
charged  by  means  of  a  crane  are  made  of  ordinary  firebrick 
with  a  corresponding  cheapening  of  the  first  cost. 

lO.  The  oven  doors  shown  in  Fig.  7  are  made  of  heavy 
wrought-iron  frames  a,  a  well  tied  together  with  cross- 
braces,  the  spaces  b,  b  being 
filled  with  firebrick.  The 
doors  shown  loosely  fit  into 
the  door  frame  c  and  have  a 
space  </,  the  width  of  one 
brick,  between  the  halves. 
The  doors  are  lifted  by 
inserting  the  prongs  of  the 
charging  truck  into  the 
openings  c,  e  at  the  bottom, 
which  are  provided  for  this 
^'°- ^-  purpose.     The  doors  are 

also  frequently  hung  on  heavy  hinges,  so  that  they  can  be 
swung  out  of  the  way  while  charging  or  discharging.  The 
hinged  doors  fit  against  the  outer  faces  of  the  frames,  and 
when  closed  the  openings  along  the  edges  are  made  air- 
tight by  mudding  them  up.  The  doors  when  hinged  are 
usually  built  up  of  angle  and  T  iron,  so  as  to  hold  the  brick 
more  firmly.  A  space  the  widtli  of  one  brick  is  left  between 
the  halves,  as  in  the  doors  shown  in  Fig.  7. 

Four  peep  holes  f  are  made  in  the  doors  in  order  to 
observe  the  condition  of  the  flame  in  the  upper  part,  and  the 
heat  of  the  pots  in  the  lower  part  of  the  furnace.  The  firing 
is  all  done  at  tlie  one  side  of  tlie  rear  of  the  furnace,  hence  a 
good  view  is  obtained  by  looking  through  the  upper  holes. 
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The  oven  tender  or  foreman  regulates  the  fire  by  the  length 
of  the  flame  he  sees,  as  well  as  the  temperature.  The  front 
of  the  oven  at  the  bottom  is  the  coldest  part,  and  tests  are 
therefore  made  at  this  point  with  a  pyrometer,  to  see  if  the 
temperature  required  to  perfect  the  process  is  attained. 

11.     Fig.  8  shows  a  plan  of  the  bottom  of  the  oven,  in 
which  a  is  the  firebox,  or  combustion  chamber,  b,  b  are  the 


openings  through  the  floor  into  the  flues  c,  c,  which  lead  to 

the  chimney  d.      Dampers  e,  e  are  placed  in  the  flues  near 

the  chimney  to  regulate  the  draft.      The  openings  b  are 

regulated  by  the  oven  tender,  who  covers  as  many  as  may 

be   necessary  to  distrib- 

ute  the  heat  as  required.    F-^ 

The  tops  of  the  flues  are 

often  covered  by  arched    ^y^^.  „ 

brickwork,    but    this    is         ""' '  ~ "  „     „ 

quite   expensive.      A  less 

expensive  method  of  covering  them  is  illustrated  in  Fig.  9, 

the  fiues  being  shown  at  a. 

The  dampers  e,  e.  Fig.  8,  are  made  of  flat  cast  iron  and 
hung  in  cast-iron  frames.  They  are  counterweighted,  and 
should  be  kept  closed  as  far  as  jiossible,  as  too  great  an 
opening  permits  a  great  loss  of  heat  from  the  oven. 

In  order  to  obtain  a  more  uniform  temperature  through- 
out,  some  ovens  have  air  spaces  in  the  side  walls  to  prevent 
radiation,  and  others  have  double  crowns,  the  hot  gases 
being  allowed  to  circulate  between  them.  While  these 
pvens  woik  very  well,  both  the  first  cost  and  the  cost  of 
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maintenance  are  very  high,  and  there  is  some  question 
among  maileable-iron  experts  whether  they  are  really  eco- 
nomical. It  is,  of  course,  desirable  to  have  a  uniform  tem- 
perature in  the  oven,  but  it  has  been  found  that  when  the 
bottom  is  properly  cared  for  there  is  only  a  difference  of 
50°  F.  between  the  hottest  and  coldest  parts  of  the  best 
ovens  of  this   class,   and   about   300"   P.  in   the   ordinary 


PROVISIONS  FOR   REAXING  ANNEALING  OVBNS. 

12.  The   fuel    used    In   annealing  ovens   may  be 

either  coal,  coke,  natural  gas,  producer  gas,  or  oil,  while 
recently  some  experiments  have  been  made  with  coal  dust. 
Each  fuel  requires  somewhat  different  treatment  in  order 
to  produce  the  best  results. 

13.  Coal'BurniuK   Equipment. — Fig.  10  shows  the 
firebox  for  ordinary  coal  or  coke  burning,  a  being  the  grate, 

6  the  fire-door,  c  the  ash-pit 
door,  (/  the  bridge  wall,  and  e 
the  crown  of  the  oven.  The 
firing  with  this  style  of  furnace 
does  not  differ  from  the  method 
of  firing  an  ordinary  steam 
boiler,  except  that  the  fire  is 
slow.  A  thick  bed  of  fuel  is 
used  and  the  air  passages  kept 
closed  as  much  as  possible,  in 
order  to  keep  out  all  unneces- 
sary cold  air.  The  fires  are 
cleaned  periodically  and  a 
steady  heat  maintained.  Soft 
coal  gives  the  best  results,  as  it 
burns  with  a  long  smoky  flame  ;  when  the  furnace  is  once 
hot.  this  smoke  is  readily  consumed  and  gives  no  trouble. 
The  supply  of  coal  should  be  convenient  to  the  ovens,  which 
in  a  large  foundry  are  usually  arranged  along  the  side  walls 
with  the  fireboxes  opposite  windows  through  which  the  coal 
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is  brought  into  the  building.  When  a  railroad  siding  can 
be  brought  along  the  side  of  the  building,  so  that  the  coal 
can  be  transferred  directly  from  the  cars  to  the  piles  in  front 
of  the  furnace  doors,  it  greatly  reduces  the  cost  of  handling. 
The  furnace  shown  in  Fig.  10  is  applicable  to  single  ovens 
only.  When  the  ovens  are  built  double  a  slightly  different 
arrangement  is  used.     Fig.  II  {a)  shows  an  end  view  and 


Fig.  11  {d)  a  side  view  of  the  firebox  used  in  this  case,  in 
which  a  is  the  grate,  i  the  openings  through  which  the  hot 
gases  pass  from  the  firebox  into  the  ovens c,  and  (^anneal- 
ing pots  in  the  position  in  which  they  stand  during  the 
annealing  process.  A  bridge  wall  e  carries  the  fiame 
upwards  toward  the  ports  d.  The  space  /  beneath  the 
bridge  wall  is  filled  with  clay,  broken  brick,  or  any  other 
material  that  will  not  press  outwards  when  it  is  baked.  An 
arch  /■  is  built  in,  both  at  the  front  and  the  back  of  the  fur- 
nace, forming  the  top  of  the  fire-doors  at  the  front  and  an 
opening  to  the  space  below  the  bridge  wall  at  the  back.  This 
firebox  is  really  a  special  furnace  built  in  between  the  side 
walls  of  two  ovens.  While  the  results  obtained  from  this 
system  are  generally  good,  it  takes  longer  to  heat  the  ovens 
than  in  the  case  of  single  ovens,  and  any  difiiculty  with  the 
regulation  of  the  draft  will  cause  the  castings  to  be  imper- 
fectly annealed  in  at  least  one  of  the  ovens.  A  separate 
fire  for  each  oven  is  therefore  preferable,  even  though  it 
takes  the  room  of  several  pots. 
S3B— 15 
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1 4.  Gas-BurnlDK  Equipment. — When  natural  or  pro- 
ducer gas,  oil,  or  coal  dust  is  used  as  a  fuel,  the  space  occupied 
by  the  grate  may  be  considerably  shorter  than  when  coal  is 
used,  as  in  these  cases  only  a  combustion  chamber  is  required. 


In  Fig.  5  the  ordinary  arrangement  for  natural  gas  is  shown. 
In  the  case  of  double  ovens  there  is  a  firebox  a,  a  at  each  end, 
as  shown  in  Fig.  13,  in  the  space  between  the  two  ovens. 

In  some  works,  especially  where  natural  gas  at  a  high 
pressure  is  available,  it  is  allowed  to  enter  the  oven  directly, 
an  air  mixer  being  attached  to  the  end  of  the  gas  pipe. 
This  practically  does  away  with  the  firebox  altogether,  and 
therefore  increases  the  capacity  of  the  annealing  oven. 
Fig.  13  illustrates  the  positions  of  the  burners  a,  a  with 


reference  to  the  annealing  pots  d.  This  method  is  rather 
hard  on  the  pots,  unless  there  is  plenty  of  headroom  over 
them,  in  which  the  burning  gases  may  become  somewhat 
diffused  before  they  reach  the  pots. 
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The  principle  of  the  air  mixer  commonly  used  is  illustrated 
in  Fig,  14.  The  gas  enters  through  the  tube  a,  into  the 
chamber  b,  where  it  is  mixed 
with  the  air  drawn  in  through 
the  openings  c,  the  mixture  pass- 
ing out  through  the  nozzle  d,  at 
the  mouth  of  which  it  burns  in  a 
blue  flame.     The  flow  of  air  is  ""■ "" 

regulated  by  means  of  a  plate  e,  with  holes  corresponding 
to  the  holes  c,  which  may  be  turned  so  as  to  make  the  open- 
ing of  such  a  size  that  the  required  amount  of  air  will  be 
admitted.  While  a  gas  mixer  is  desirable  when  heating  an 
oven  with  a  natural-gas  burner,  experience  has  shown  that 
after  the  full  heat  is  obtained  the  direct  flame  gives  the  best 
heat.  When  the  gas  comes  in  under  low  pressure  no  trouble 
will  be  experienced  in  obtaining  a  perfect  combustion.  The 
gas  is  burned  farther  in  the  furnace  and  a  more  even  dis- 
tribution of  the  heat  is  therefore  obtained.  With  a  blue 
flame  there  is  an  intense  local  heat  at  the  end  of  the  oven 
,  nearest  the  burner,  but  too  high  a  temperature  must  be 
maintained  at  that  point  to  produce  a  sufficiently  high  tem- 
perature in  the  colder  portions  of  the  oven  to  anneal  prop- 
erly, and  the  parts  subjected  to  the  excessive  temperature 
are  liable  to  be  injured  thereby. 

15.  OlI-BurnlnK 
Equipment. — Oil  may  be 
sprayed  into  a  combustion 
chamber  either  with  steam 
or  compressed  air.  Air 
'  gives  the  best  results,  but 
opinions  differ  greatly  as  to 
the  best  pressure  to  be  used, 
some  advocating  a  pressure 
of  G  ounces,  while  others 
maintain  that  a  pressure  of 
40  pounds  per  square  inch 
will  give  the  best  results.     Fig.  15  shows  the  arrangement  of 
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the  firebox  of  an  oil-burning  oven.  The  air  enters  the  oven 
through  the  pipe  a  and  passes  through  a  coil  of  pipe  d  in  the 
firebox,  where  it  becomes  heated  and  comes  up  and  meets  the 
oil  that  enters  through  the  pfpe  c,  at  d.  The  oil  and  air  then 
pass  through  the  burner  e  and  ignite  as  they  emerge  from 
it.  The  oil  usually'  enters  the  burner  under  a  pressure  of 
about  45  pounds  per  square  inch.  The  burner  ordinarily 
used  is  shown  in  Fig.  13,  Malleable  Casting,  Part  2,  A  tile/ 
placed  on  end  before  the  burner,  breaks  the  force  of  the  air 
and  oil  and  protects  the  bridge  wall^.  It  also  mixes  the 
oil  and  air  intimately,  and  thus  aids  the  combustion.  An 
air  passage  h  is  provided  behind  the  tile  to  furnish  more 
oxygen  to  the  flame  and  carry  it  upwards.  The  air  spaces 
shown  at  the  entrance  of  the  firebox  are  usually  reduced  by 
inserting  loose  firebricks,  which  are  added  or  removed  accord- 
ing to  the  judgment  of  the  oven  tender. 

One  of  the  troubles  met  with  in  the  burning  of  oil  is  the 
formation  of  great  masses  of  gas  carbon,  which  is  almost  as 
refractory  as  graphite  and  must  be  removed  from  time  to 
time.  An  oil  strainer  must  also  be  placed  before  the  burner 
so  that  the  small  orifice  through  which  the  oil  is  forced  may 
not  be  clogged  by  the  particles  of  solid  matter  that  are  liable 
to  collect  in  the  supply  tanks  or  pipes.  Oil  burning  is 
excessively  hard  on  the  parts  of  the  furnace  nearest  the 
burner.  The  heat  is  even  more  intense  than  that  of  natural 
gas  when  the  mixer  is  used,  and  in  order  to  obtain  a  suffi- 
ciently high  temperature  in  the  cooler  parts  of  the  oven,  it 
is  often  necessary  to  have  the  flame  at  the  burner  so  hot 
that  the  roof  of  the  firebox  is  injured. 

16.  Coal-Dust-BurnlnK  Equipment. — Coal  dust  is 
now  used  as  a  fuel  for  annealing  ovens  in  mall  cable- iron 
works  in  this  country,  although  its  use  is  yet  in  its  experi- 
mental stage.  The  apparatus  used  in  burning  it  resembles 
the  oil  burner  shown  in  Fig.  15,  except  that  the  oil  pipe  c  is 
replaced  by  a  coal-dust  hopper.  The  coal  is  ground  so  fine 
that  the  ashes  formed  either  settle  in  or  pass  out  through 
the  chimney,  scarcely  ever  giving  trouble  in  the  oven  flues. 
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Although  this  method  of  heating  the  oven  has  not  yet  been 
proved  a  complete  success,  it  is  thought  by  some  malleable- 
iron  experts  that  it  may,  when  perfected,  prove  very  valuable. 

1  7.  P rod ucer-G as-Burning  Bqulpmeot.' — Producer 
gas  is  probably  the  most  difficult  fuel  to  use,  but  when  the 
entire  apparatus  is  once  running  successfully  it  is  equally  as 
good  as  either  natural  gas  or  coal.  As  the  quantity  of  air 
and  gas  entering  the  oven  should  be  as  small  as  possible  in 
order  to  maintain  the  required  heat  in  the  oven,  the  quality 
of  the  gas  must  be  good.  If  the  quality  is  poor,  so  much  air 
is  drawn  in  with  it  that  the  oven  is  not  heated  properly  and 
the  annealing  is  not  done  satisfactorily  The  simplest  method 
of  burning  producer  gas  is  shown  in  Fig    16,  m  which  a  is 


the  combustion  chamber,  or  firebox,  and  b  the  oven.  The 
gas  enters  the  combustion  chamber  from  the  main  gas  fluec 
through  the  gas  ports  d,  e,  while  the  air  enters  through  the 
ports  f,  g,  the  air  being  admitted  over  the  gas.     A  damper  h 
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is  placed  in  the  gas  connection  to  regulate  the  flow  of  gas  or 
cut  it  off  entirely.  Two  sets  of  gas  and  air  ports  enter  the 
combustion  chamber  in  order  to  insure  a  sufficient  supply  of 
each.  In  burning  producer  gas  tar  is  formed  and  runs  down, 
tending  to  close  the  lower  ports.  As  these  become  clogged 
the  upper  ones  are  opened  gradually,  thus  maintaining  a 
constant  supply;  the  damper  i  in  the  upper  gas  connection 
is  provided  for  this  purpose.  The  entire  burning  apparatus 
is  enclosed  in  a  cast-iron  box  made  of  plates  bolted  together. 
This  arrangement  gives  very  satisfactory  results. 

Another  form  of  producer-gas-burning  apparatus  for 
annealing  purposes,  which  has  proved  very  successful,  is 
i  shown  in  Fig.  17.  In 
this  case,  only  one  air 
inlet  port  a  and  one  gas 
inlet  port  b  are  used. 
The  gas  supply  is  regu- 
lated by  means  of  a  valve 
c,  which  is  controlled 
by  a  hand  wheel  and 
screw  d,  and  the  air  sup- 
ply, by  opening  or  clos- 
ing the  air  channel.  A 
damperr  is  also  provided 
for  cutting  off  the  oven 
from  the  gas  flue/!  This 
arrangement  of  the 
burning  apparatus  gives 
^"'-  "•  even   less   trouble  from 

the  accumulation  of  tar  than  that  just  described.  The 
valves  and  ports  of  both,  however,  must  be  burned  out  at 
the  same  time  as  the  flue,  or  they  will  soon  become  choked 
with  soot  and  tar.  There  is  also  a  tendency  for  the  flame 
to  strike  back  into  the  ports  and  flues,  causing  a  precipita- 
tion of  carbon  in  the  flue,  between  the  gas  main  and  the 
ports,  which  sometimes  necessitates  tearing  them  out, 
as  this  carbon  will  not  burn  out  with  the  soot,  being 
almost  as  refractory  as  the  oil  carbon  referred  to.     Great 
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care  must  be  taken  to  inspect  the  gas  boxes  very  frequently 
to  see  that  the  gas  does  not  burn  within  them.  If  it  does, 
the  flues  will  soon  become  ctioked  and  all  the  ovens  may 
have  to  be  shut  down  long  enough  to  remove  the  trouble. 
A  part  or  even  the  whole  charge  of  the  oven  may  be  spoiled 
and  much  delay  and  annoyance  caused. 

18.  The  Oven  Ctalmney. — In  the  most  recent  prac- 
tice, ten  or  more  annealing  ovens  are  connected  with  one 
chimney,  generally  about  80  feet  high  and  about  4  feet 
inside  diameter,  with  a  4-inch  lining.     When  the  heats  are 

steady,  such  an  arrangement  gives  good  results  and  effects 
a  considerable  saving  in  both  the  first  cost  of  the  plant  and 
the  cost  of  repairs.  When,  however,  the  works  are  liable  to 
be  run  intermittently,  it  is  often  advisable  to  have  a  small 
stack  for  each  oven,  as  in  that  case  there  will  be  no  loss  of 
fuel  and  time  in  starting  the  draft.  When  several  ovens 
are  connected  with  one  chimney,  considerable  trouble  is 
often  experienced  from  this  cause.  In  starting  up  the  ovens 
connected  with  a  single  chimney,  a  good  fire  lighted  in  its 
base  will  assist  considerably  in  producing  a  good  draft. 


OPBRATINO  ANNEALING  OVENS. 

19.  CharKinic  the  Ovens.— When  the  annealing  pots 
are  properly  packed,  so  as  to  prevent  air  passages  forming  in 
the  packing  material,  they  are  taken  to  the  oven  by  means  of 
a  charfclntt;  truck,  one  form  of  which  is  shown  in  Fig.  18, 
which  consists  of  two  arms  a,  a  with  handles  d,  ^at  one  end, 
and  prongs  c,  c  at  the  other  end,  mounted  upon  a  truck  rf,  d. 
The  arms  a,  a  are  so  connected  to  the  axle  of  the  truck  that 
when  the  lever  e  is  in  the  raised  position  shown,  the  prongs  c.  c 
readily  run  under  the  lips  at  the  cyi6  of  the  stool  under  the 
pots;  and  when  the  lever  is  lowered  so  as  to  catch  under  the 
hook/,  the  pots  are  raised  from  the  floor  and  may  readily 
be  carried  to  the  oven.  The  small  wheels^,  which  turn  on 
a  pivot,  support  the  handles,  thus  facilitating  the  handling 
of  the  truck. 
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A  gang  of  men  take  the  charging  truck,  Snd  raising  the 
lever  e,  let  the  two  prongs  c,  c  down  to  their  lowest  position  , 
and  run  the  truck  under  the  pot,  the  prongs  catching  under 
the  lips  of  the  stool.  The  lever  is  then  drawn  down  and 
caught  under  the  hook/;  this  lifts  the  prongs  high  enough 
to  raise  the  pot  off  the  floor.     The  truck  is  now  pushed  into 


the  oven  and  the  pot  lowered  in  the  position  desired.  ■  Six 
men  are  usually  required  for  this  operation.  The  truck  is 
made  long  enough  to  reach  to  the  rear  of  the  oven,  and  yet 
extend  out  far  enough  to  enable  the  men  to  remove  the  last 
row  of  pots  from  the  oven  while  it  is  still  quite  hot,  without 
being  burned.  The  same  truck  is  also  used  to  remove  the 
oven  doors,  when  they  are  not  hinged.  They  are  held  upon 
the  truck  by  the  men  by  means  of  suitable  iron  hooks,  to 
prevent  their  falling  over. 

Another  shorter  and  lighter  truck  of  the  same  general 
design  may  be  used  to  carry  tlie  pots  from  one  place  to 
another  in  the  annealing  room,  the  great  length  of  the 
charging  truck  making  it  Inconvenient  for  this  purpose.  A 
light  electric  or  pneumatic  traveling  crane  is  also  used  in 
some  foundries  to  carry  the  pots  about  the  annealing-room 
floor.  Such  a  crane  may  be  operated  either  from  a  cage  or 
from  the  foundry  floor. 

20.  Firing  the  Ovens.  —  The  oven  having  been 
charged,  the  doors  are  dosed,  the  cracks  are  carefully  filled 
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with  pieces  of  brick,  commonly  called  bats,  and  mud.  If 
gas  is  used  as  a  fuel,  oily  waste  is  lighted  and  placed  in  the 
firebox  and  the  gas  turned  on;  if  coal  is  used,  the  fires  are 
started  without  any  special  precautions.  In  firing  with  gas, 
it  occasionally  does  not  ignite  at  once,  the  draft  carrying  it 
into  the  oven  too  quickly.  This  usually  results  in  an  explo- 
sion, which  frequently  ruins  the  roof  of  the  oven,  blows  out 
the  doors,  and  sometimes  causes  fatal  injuries  to  men  work- 
ing near  by. 

When  the  fires  are  first  lighted,  the  dampers  are  kept 
partly  open,  and  nothing  but  smoke  is  seen  in  the  oven  and 
coming  out  of  the  chimney.  In  about  6  hours  the  smoke 
becomes  lighter;  in  12  hours  a  faint  redness  should  be 
visible,  with  but  little  smoke;  and  in  24  hours  a  good  heat 
should  be  obtained.  In  36  hours  the  oven  should  be  heated 
to  the  required  temperature,  and  a  pyrometer,  which  is  an 
instrument  by  means  of  which  high  temperatures  are  meas- 
ured, used  to  regulate  the  temperature  properly. 

With  furnace  iron,  the  coldest  part  of  the  oven  should 
never  fall  below  1,250°  F.,  and  it  should  preferably  be 
1,360°  F.,  but  not  over.  In  annealing,  the  temperature 
should  be  raised  as  rapidly  as  possible  to  full  heat,  th^n  held 
stationary  at  this  temperature  for  the  required  time,  which 
may  vary  from  4  to  6  days,  and  finally  allowed  to  cool  down 
as  slowly  as  time  will  permit;  the  best  iron  is  obtained  in 
this  way.  Thus,  with  a  6-day  anneal,  36  hours  is  required 
to  heat  up  and  -^4  hours  to  cool  down,  leaving  84  hours,  or 
Z\  days,  for  the  full  heat.  Good  work  has,  however,  been 
produced  in  1%  hours,  and  other  work  has  taken  as  much  as 
216  hours  to  anneal  properly. 

21.     Measurement  of  Oven  Temperatures. — Two 

different  pyrometers  are  used  for  this  purpose,  the  old 
Siemens  water  pyrometer  and  the  Le  Chatelier  pyrometer. 
The  former  is  very  simple,  but  requires  considerable 
time  to  obtain  the  temperature  accurately,  while  the 
latter  indicates  the  temperature  more  quickly,  but  is  more 
expensive. 
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The  Siemens  water  pyrometer  consists  of  a  copper 
vessel  containing  a  weighed  quantity  of  water,  whose  tem- 
perature is  noted  by  a  ther- 
mometer    placed     within. 
A  weighed  copper  ball,  or 
cylinder,  is  now  heated  in 
the    oven    for    10    minutes 
and  quickly   plunged  into 
this  water,  shaken  up,  and 
the    rise    in    temperature 
noted.      A    scale    that    is 
provided  with  the  thermometer  indicates  the  temperature  of 
the  copper  ball.     Suitable  precautions  should  be  taken  to 
prevent  the  escape  of  heat  during  this  process,  which,  if 
carefully  done,  indicates  the  temperature  within  25°  F.     As 
it  is  essential  that  the  temperature  of  the  pots  and  not  that 
of  the  oven  be  taken,  the  copper  cylinder  is  placed  in  an 
iron  holder  against  the  coldest  pot  in  the  oven,  that  is,  in 
the  front  row,  farthest  from  the  fire,  and  opposite  the  lower 
peep  hole,  as  shown  in  Fig.   19,  in  which  a  represents  the 
copper  cylinder,  i  the  holder,  c  the  annealing  pot,  and  (/the 
peep  hole  in  the  door.     The  copper  cylinder  is  then  sur- 
rounded by  iron  and  touches  the  pot.     There  can  thus  be  no 
overheating,  and  in  about  10  minutes  the  temperature  of  the 
copper  is  practically  equal  to  that  of  the  pot,  and  the  test 
may  be  completed.     It  is  also  well  to  cover  the  peep  hole 
with  a  cover-plate  e  while  heating  up  the  cylinder  to  pre- 
vent an  inward  draft  of  cold  air.     When  a  number  of  tests 
is  to  be  made,  three  or  four  rods  can  be  kept  heating  con- 
tinuously; but   in  this  case   care  must   be  taken  that  the 
required  amount  of  water  is  used  each  time,  as  there  is  some 
loss  whenever  the  cylinder  is  plunged  in  and  removed. 

When  cupola  iron  is  to  be  annealed,  this  pyrometer  cannot 
be  used  advantageously,  as  the  temperature  required  is  too 
near  the  melting  point  of  copper.  The  experienced  aniiealer 
therefore  usually  looks  for  a  crack  in  the  brickwork  and 
notes  the  whiteness  of  the  joints,  which  indicates  quite 
closely  the  temperature  within  the  oven.     It  is  always  best 
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to  have  two  or  more  men  responsible  for  these  temperature 
observations,  as  the  eyes  of  one  man  may  occasionally 
change  and  eventually  lose  their  power  to  observe  the  tem- 
perature accurately. 

The  Le  Chateller  pyrometer  consists  of  a  wire  of  plati- 
num and  another  wire  of  an  alloy  of  platinum  and  10  per 
cent,  of  rhodium.  These  wires  are  fused  together,  and  when 
the  joint  is  heated  a  current  of  electricity  is  produced  that 
is  proportional  in  strength  to  the  temperature  applied.  It 
is  necessary  therefore  simply  to  measure  the  current  of  elec- 
tricity with  a  galvanometer  suitably  calibrated.  As  it  takes 
only  a  few  seconds  to  take  the  reading,  the  instrument  is 
very  valuable  in  connection  with  a  malleable-iron  foundry. 

22.  DlHcbarfcine  the  Ovens. — When  the  annealing 
process  is  complete  the  fire  is  shut  off,  the  oven  allowed  to 
stand  a  little  while  to  lose  the  intensity  of  the  heat,  and  the 
bricks  loosened  from  between  the  doors.  This  allows  cold 
air  to  enter,  and  reduces  the  temperature  sufficiently  to  allow 
the  doors  to  be  taken  away  in  about  13  hours  after  shutting 
off  the  fire.  The  pots  may  now  be  taken  out  slowly  and 
stacked  in  long  rows,  where  the  contents  may  be  dumped  out 
conveniently,  the  charging  truck  being  used  for  this  purpose. 

23.  ShabliiK  Out  the  Pots.— When  the  pots  are  cold 
enough  to  dump,  the  clay  and  sand  luting,  if  any  is  used,  is 
carefully  removed  so  as  not  to  contaminate  the  scale;  the 
pots  are  generally  tilted  over  by  means  of  a  crowbar  _and 
hammered  to  break  off  the  flakes  of  scale  that  may  adhere 
to  them.  The  pots  are  then  removed  and  placed  where  a 
new  lot  of  castings  cdn  be  packed  into  them,  and  the  annealed 
castings  carefully  picked  out  of  the  scale.  The  hammer 
must  frequently  be  used  to  free  the  castings  from  the  scale, 
as  they  are  often  baked  together  quite  firmly  and  the  holes 
filled  up  with  burned  scale.  When  the  castings  have  been 
picked  out,  they  are  removed  to  the  cleaning  department. 

A  more  convenient  method  is  to  raise  the  pots  with  an  air 
hoist,  and  to  rap  them  on  the  side  with  a  heavy  hammer  until 
the  scale  becomes  loosened  and  the  scale  and  castings  fall  out. 
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24.  Disposition  of  Castlags  and  Packlne  Mate- 
rial.— Small  castings  and  scale,  as  they  come  from  the 
annealing  pots,  are  sometimes  put  directly  into  a  coarse 
tumbling  barrel  with  perforated  staves  and  tumbled  until 
the  packing  has  sifted  out  and  only  the  castings  remain. 
The  castings  are  shaken  out  of  the  annealing  pots  into 
carrying  boxes,  from  which  they  are  emptied  into  the  tum- 
bling barrels. 

When  the  scale  is  not  put  into  tumbling  barrels  with  the 
castings,  it  is  preferably  screened  in  a  coarse  revolving  screen 
into  which  several  bars  of  iron  have  been  placed.  These 
break  up  the  lumps  and  cause  the  scale  to  pass  through  the 
meshes  of  the  screen.  Any  stray  castings  are  also  caught 
by  this  process.  In  some  foundries  the  scale  is  spread, 
wetted  down  with  sal-ammoniac  water,  and  allowed  to  rust 
over  night;  the  next  day  it  is  used  to  pack  a  new  lot  of  hard 
castings.  In  many  large  foundries  the  use  of  sal-ammoniac 
water  has,  however,  been  discontinued,  but  wrought-iron  or 
Steel  borings  are  added  to  the  scale,  in  order  to  keep  it  rich 
in  oxide  and  in  a  measure  prevent  its  sticking  to  the  casting. 


DISPOSITION  OP  ANNEALED  CASTINGS, 

25*  Soft  Tumbllag. — It  is  necessary  after  the  castings 
come  from  the  annealing  room  to  tumble  them  in  order  to 
remove  any  scale  that  may  adhere  to  them.  Since,  after 
annealing,  the  castings  are  commonly  said  to  be  soft,  this 
process  is  called  soft  tumbling.  The  simplest  method  of 
tumbling  is  to  place  the  castings  in  tumbling  barrels,  add  a 
quantity  of  small  pieces  of  broken  annealed  castings,  and  let 
the  whole  revolve  until  the  work  is  clean  and  polished.  The 
annealed  pieces  of  scrap  usually  consist  of  test  plugs  broken 
from  large  castings.  The  temper  carbon  and  soft  iron  of 
the  annealed  pieces  rapidly  produce  a  bright,  black,  polisUed 
surface.  The  tumbling  must  not  be  continued  too  long,  how- 
ever, as  the  sharp  corners  are  rounded  too  much,  which  makes 
them  unsalable. 
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Generally  the  soft -tumbling  room  is  separate  from  the  hard- 
tumbling  room;  when,  however,  a  foundry  is  crowded  with 
orders  the  work  is  adjusted  between  the  two  as  may  be 
most  convenient.  When  this  is  done,  great  care  must  be 
taken  to  keep  the  hard  and  soft  castings  separate,  as  the 
average  man  cannot  distinguish  between  an  annealed  and  a 
hard  casting,  and  unannealed  work  is  therefore  sometimes 
shipped  and  used  with  disastrous  consequences.  Annealed 
castings  are  also  sometimes  annealed  over  again.  Continued 
practice  will,  however,  in  time  enable  the  annealing-room 
men  to  distinguish  between  the  two  kinds. 

When  the  castings  are  rather  delicate,  blocks  of  wood  are 
thrown  into  the  barrels  to  protect  the  castings  in  a  measure 
from  being  bent  and  pounded  out  of  shape.  Very  light 
castings  that  are  to  be  polished  or  plated  must  receive 
special  care.  When  they  are  to  be  highly  polished  in  the 
tumbling  barrels,  only  a  part  of  the  pieces  of  soft  iron  ordi- 
narily used  are  put  in  the  barrel,  but  with  these  are  put 
pieces  of  leather,  old  shoes,  and  similar  materials.  This 
produces  a  polish  that  resembles  that  of  work  which  has 
been  specially  buffed  piece  by  piece;  small  buckles  for 
straps,  pistol  parts,  general  hardware,  etc.,  are  finished  for 
the  makers  in  this  way. 

26.  Flnlsbtng  and  Asaortlne. —  Where  specialties 
are  made  of  light  work,  considerable  special  machinery 
may  be  introduced  advantageously  for  the  purpose  of  pol- 
ishing, assorting,  and  handling  the  work.  The  form 
of  the  specialty  will  usually  readily  enable  one  to  decide 
where  and  how  such  special  machinery  can  be  used 
economically. 

This  class  of  work  should  need  no  grinding;  all  gates 
should  be  trimmed  off  nicely  before  annealing.  If,  however, 
this  has  been  neglected,  the  castings  must  be  ground  and 
chipped  before  they  are  assorted.  If  there  are  parts  of 
gates  that  were  not  completely  chipped  off  when  the  casting 
was  hard,  it  must  be  done  now.  If  the  molder  has  rapped 
the  pattern  too  hard  and  the  casting  is  therefore  too  long, 
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part  of  it  must  be  ground  off.  It  is  therefore  necessary 
to  have  a  grinding  room  for  annealed  castings.  A  large 
room  of  this  kind  is,  however,  always  a  sign  of  laxity  in 
the  pattern  shop,  foundry,  or  trimming  and  inspecting 
room. 

Two  kinds  of  emery  grinding  wheels  should  be  provided, 
some  heavy  ones  and  others  of  medium  size.  The  large 
wheels  are  preferably  of  the  variety  provided  with  large 
cast-iron  cores.  For  general  work  the  wheels  should  be 
mounted  on  substantial  iron  stands;  for  very  heavy  work, 
however,  wooden  stands  are  preferable,  as  they  tend  to 
decrease  the  vibration.  Two  wheels  may  be  mounted  on 
each  grinding  head,  thus  economizing  in  both  space  and  cost 
of  machinery.  The  speed  should  be  high  enough  to  do  fast 
cutting.  Medium  to  soft  wheels  give  the  best  results;  hard 
wheels  glaze  so  rapidly  that  they  must  be  dressed  too  often. 
The  wheels  should  not  be  used  until  the  diameters  are  too 
small,  for  the  cutting  speed  is  reduced  to  such  an  extent 
that  the  iron  is  not  ground  off  freely,  and  a  new  wheel  will 
soon  pay  its  cost  in  the  greater  amount  of  work  that  can  be 
done  with  it  in  the  same  time. 

When  wheels  with  rubber  as  a  binding  medium  for  the 
emery  are  used,  special  care  must  be  taken  to  clean  the  dust 
from  the  wooden  girders  of  the  grinding  room,  for  any  leak- 
age of  the  roof  is  liable  to  rust  the  fine  iron  dust  so  rapidly 
that  a  red  heat  is  produced,  thus  igniting  the  particles  of 
rubber  in  the  dust  and  burning  the  buildings. 

37.  From  the  grinding  department  the  castings  go  to 
the  chipping  or  finishing  department.  Here  all  fins  too 
large  to.  be  ground  away  are  chipped  off,  and  holes  left 
imperfect  by  bad  cores  are  cleaned  out  and  if  necessary 
drifted  to  size  with  specially  constructed  tools.  A  number 
of  chippers'  vises  of  large  sizes  are  used  for  this  purpose. 
The  castings  are  brought  to  the  chipper  and  placed  on  the 
bench;  when  finished  they  are  thrown  on  a  pile  on  the  floor. 
Suitable  bins  for  storing  the  different  kinds  of  castings  are 
a  great   convenience  and  save  a  large  amount  of  time  in 
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suing  orders.  Occasionally  it  is  found  clieaper  to  drill  some 
holes  than  to  core  them  out;  when  this  is  the  case  they  are 
drilled  in  the  finishing  room,  one  or  more  drilling  machines 
usually  being  provided  for  this  purpose.  Then  again  a  cast- 
ing may  come  from  the  foundry  with  large  lumps  of  iron  on 
it  that  could  not  safely  be  trimmed  off  before  annealing, 
owing  to  the  danger  of  injuring  the  casting;  for  this  class 
of  work  a  shaper  is  very  serviceable  and  should  be  included 
in  the  6nishing-room  equipment.  If,  however,  the  cost  of  fin- 
ishing such  castings  is  greater  than  the  cost  of  a  new  mold, 
the  casting  should  not  be  allowed  to  go  to  the  annealing  oven. 
A  small  drop  hammer  should  also  be  provided  for  straight- 
ening castings  that  have  become  warped  in  annealing.  The 
straightening  should  always  be  done  cold  if  the  casting  will 
stand  it,  although  if  necessary  it  may  be  heated  gently. 
Great  care  should,  however,  be  taken  if  it  is  heated,  as  the 
strength  is  liable  to  be  injured.  The  straightening  may  be 
done  by  means  of  suitable  forms  made  of  gray  iron,  or  if  the 
quantity  warrants  it,  a  drop  hammer  furnished  with  suita- 
ble dies  may  be  used.  It  is  often  cheaper,  when  a  bent 
piece  is  required  in  large  quantities,  to  cast  it  flat  and  bend 
it  afterwards  on  a  form;  this  is  frequently  done  in  making 
brake-shoe  keys,  the  levers  for  air-brake  cocks,  etc. 

28.  inspection  of  Test  Plugs.— In  order  to  test  the 
quality  of  the  iron  after  it  is  annealed,  test  pieces,  generally 
called  test  pluffs,  which  are  simply  small  projections,  about 
J  in.  y,  i  in.  x  1  in.  long,  are  cast  on  the  more  important 
work.  Sometimes  two  or  three  of  these  are  located  in  crit- 
ical places.  In  railroad  couplers  especially,  their  constant 
use  is  important,  as  underannealed  or  overannealed  or  other- 
wise undesirable  work  can  be  thrown  out.  These  test  pieces 
are  all  removed  in  the  chipping  room,  and  the  fracture  is 
carefully  inspected.  The  normal  fracture  should  have  a 
black  velvety  surface  in  the  interior  surrounded  by  a  band 
of  dark  gray  about  -jV  inch  thick,  and  this  in  turn  is  incased 
in  a  band  of  white  not  more  than  ^^  inch  thick.  If  this  band 
of  white  is  thicker,  it  is  an  indication  that  the  hard  casting 


^aovGoOt^lc 


28  MALLEABLE    CASTING.  §63 

is  too  !ow  in  silicon,  commonly  said  to  be  too  "high,"  the 
crystallization  of  the  casting  is  too  open,  and  the  oxidation 
during  the  annealing  process  penetrates  too  deeply.  If  the 
band  of  white  becomes  J  inch  thick,  the  castings  will  be 
found  weak  and  no  longer  safe  for  very  exacting  service. 
As  the  white  band  becomes  thick  the  gray  band  disappears. 
This  gray  band  is  the  rim  of  crystals  at  right  angles  to 
the  skin,  regularly  formed  and  therefore  more  open  to  the 
loss  of  carbon.  The  interior  is  also  crystallized  in  the  hard 
casting,  but  the  crystals  are  mixed  together  in  every  con- 
ceivable way. 

29.     Fig.  20  illustrates  the  arrangement  of  the  crystals. 

The  interior  of  an  annealed  piece  always  has  some  white 
spots,  which  look  like  -flakes,  radi- 
ating from  the  center.  These  are 
sometimes  shrinkage  spots,  but  are 
more  often  planes  of  separation  due 
to  the  high  contraction  found  in  the 
white  casting.  In  Fig.  21  these 
planes  of  separation  are  illustrated 
vta.x.  in  exaggerated   form.      P^ig.   21   (^) 

shows  a  section  through  ad,  Fig.  31   (a),  in  the  center  of 

which  the  white   spots  are   shown.      A  shrinkage  spot  is 

always    spongy ;     sometimes 

the  whole  casting  is  one  mass 


of  spongy  material  with  only        11(11        II 

the  skin  sound,  and  yet  has 

a  tensile   strength   equal  to 

the    best    malleable    iron.  ^° "■ 

Close  investigation  will  always  show  some  small  openings  in 

the  skin  communicating  with  the  spongy  interior,  which 

allow  almost  a  complete  decarbonization  of  this  material. 

The  casting  then  become?;  a  spongy  piece  of  wrought  iron  or 

steel  that  bends  well  but  will  not  resist  shock. 

The  introduction  of  steel  into  malleable  mixtures  changes 
the  fracture  considerably,  the  velvety  black  being  changed 
to  a  granular  dark  gray  structure  showing  a  considerably 
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tearing  apart  of  the  crystals.      Such  a  piece  of  malleable 

iron  may  be  excellent. 

A  piece  of  malleable  iron  that  shows  a  dull  gray,  often 
colored,  and  a  banded  structure,  was  nearly  gray  iron  when 
it  went  into  the  annealing  oven.  This  kind  of  metal  is  to  be 
feared  more  than  any  other  met  with  in  the  malleable -iron 
industry,  as  it  is  weak  and  worthless. 

When  the  fractures  are  white,  trouble  may  be  experienced 
in  locating  the  difficulty.  If  there  are  blowholes,  the  iron 
was  low  in  silicon  and  burned  in  the  furnace  before  it  went 
to  the  annealing  oven.  Yet  this  iron  if  not  too  badly 
burned  will  be  stronger  than  cast  iron.  If  the  structure 
resembles  Fig.  20,  the  chances  are  that  it  is  underannealed, 
and  may  be  saved  by  returning  it  to  the  annealing  oven. 
If,  however,  there  are  distinct  flat  crystals  with  shiny  smooth 
faces,  the  iron  was  burned  in  the  annealing  oven  and  will 
remain  worthless. 

A  casting  is  very  often  almost  entirely  white  but  has  a 
black  spot  in  the  center;  this  is  an  indication  of  excessive 
annealing.  If  the  white  structure  appears  on  one  side  only, 
the  remainder  being  black,  it  is  an  indication  that  the  iron 
is  either   very  strong,   or  that  too 

heavy  a  blow  was  struck  in  breaking  j  ]     l« 

off  the  test  plug.   Fig.  22  (rt)  shows  a    B^^TJBM  r~~>^ 

piece  partially  broken  off,  the  blows    [^..--^^^^         \ j 

being  struck  in  the  direction  indi-  ft)  ;  j 

cated  by  the  arrow  a.     Breaking  the  |  (a) 

piece  off  partially  by  repeated  light  ' 

blows,  and  then  suddenly  knocking 

it  off  will  produce  a  white  band,  as  shown  in  Fig.  22  (i), 
where  the  crystals  did  not  have  time  to  pull  apart,  but  were 
suddenly  snapped  through  in  'the  middle.  This  often 
accounts  for  apparently  bad  test  plugs  when  the  iron  is  per- 
fectly goixl. 

It  is  always  advisable  to  preserve  samples  of  bad  work  in 

order  to  study  the  effects  of  certain  conditions,  and  as  the 

workman  gathers  these  specimens,  which  were  made  with 

the  greatest  care,  he  will  get  an  insight  into  the  peculiar 

OSB— 19 
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nature  of  malleable  iron  that  will  be  of  very  great  value 
to  him. 

30.     Inspection  and  Storage  of  CaHtinns. — When 

the  castings  are  finished  they  are  finally  inspected,  either  by 
the  makers  or  by  the  buyer's  representative.  When  the 
dimensions  of  the  castings  must  lie  within  certain  limits, 
they  are  usually  tested,  by  means  of  gauges  and  templets, 
in  the  chipping  room  where  any  needed  correction  can  imme- 
diately be  made.  The  castings  now  go  either  directly  to  the 
warehouse,  or  are  covered  with  a  coat  of  asphalt  dissolved 
in  benzine.  In  railroad  work  especially,  such  a  coating  is 
desirable,  as  it  keeps  the  material  reasonably  free  from  rust 
until  used.  Care  must  be  taken  in  storing  the  benzine  as 
well  as  in  using  it,  as  it  is  extremely  inflammable.  The 
coating  is  put  on  with  brushes  and  dries  very  quickly. 

The  warehouse  should  be  so  arranged  that  a  stock  of  cast- 
ings may  be  stored  for  a  reasonable  length  of  lime..  Some 
concerns  make  it  a  rule  to  keep  in  stock  about  1,000  castings 
of  each  kind  that  is  in  constant  demand,  in  order  to  be  able 
to  fill  all  orders  promptly. 

31>  Annealed  Test  Pieces. — In  the  annealing  room 
good  hard  castings  may  be  spoiled.     The  annealer  therefore 

_______^_^    has   cast  for  his  own 

.-— """^  1  tJ  I tJzl *~-"  I  use  and  guidance  spe- 
cial test  wedges  about 
1  inch  square,  and  of 
the  form  shown  in  Fig.  2.3,  on  which  are  cast  identification 
marks  of  the  various  heats.  Thus  a  test  piece  annealed  in 
furnace  No.  8,  the  second  heat,  the  first  part,  and  which  was 
cast  on  August  I(i,  is  marked  as  shown  in  the  illustration. 
These  wedges  are  broken  by  the  annealer  to  test  their  duc- 
tility. He  then  lakes  them  to  the  siq>erintendent's  oflice, 
where  they  are  arranjjed  in  cases  properly  dated.  About 
3  weeks'  tests  are  generally  kept  on  hand.  An  excellent 
guide  whereby  the  working  of  the  melting  furnaces  may  be 
judged  is  thus  furnished,  defective  iron  being  shown  by  a 
continued  bad  fracture. 
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SPECIAL  ANNEALING  BUUIPMENT. 

32.  Recent  Developments  In  AnneallnK-Room 
Equipment. — Some  of  the  most  recent  developments  in 
annealing-oven  construction  present  novel  features.  Instead 
of  building  the  ovens  above  ground,  and  charging  with 
trucks,  they  have  in  one  instance  been  sunk  below  the  floor 
level  and  the  charging  done  with  electric  traveling  cranes. 
There  are  no  doors,  the  roofs  of  the  ovens  being  removed  in 
sections  by  the  crane  for  the  purpose  of  charging,  and  put  on 
again  in  the  same  way  when  the  charging  is  finished.  The 
work  of  about  6  or  8  men  is  thus  done  by  1  man  at  the  oven 
and  a  boy  on  the  crane.  The  ovens  are  practically  soaking 
pits;  there  is  little  loss  of  heat  by  radiation,  there  are  very 
few  buckstaves  and  tie-rods  required,  and  the  construction 
itself  is  very  simple  and  inexpensive.  No  tiles  need  be  used 
upon  the  floors,  common  No.  'i  firebrick  being  sufficiently 
durable  for  this  purpose,  as  there  is  no  wear  on  them  from  a 
rolling  truck.  The  flues  in  the  bottom  are  arranged  as  in 
the  ovens  described,  and  the  side  walls  are  the  same,  but 
the  end  walls  are  carried  higher  to  close  up  the  ends  of  the 


arched  roof,  as  shown  in  Fig.  34,  in  which  a,  a,  a  are  the 

sections  of  the  roof,  d  the  side  walls,  and  c,  c  the  end  walls. 
The  roof,  an  end  view  of  which  is  shown  in  Fig.  25,  is  the 
most  important  part  <)f  the  oven  construction.  The  sections 
consist  of  three  deck  beams  if,  Fig.  25,  of  a  high  type,  bent  in 
an  arc  of  a  circle  and  suitably  connected  together  and 
attached  to  cast-iron  heels  d,  b,  so  that  a  9-inch  brick  arch, 
made  of  suitable  arch  brick,  can  be  built  within  the  structure 
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as  shown.  There  are  three  of  these  sections  in  the  roof ;  they 
are  placed  close  together,  and  the  spaces  divided  between 
the  end  section  and  the  two  end  walls.  The  sections  of  the 
roof  are  made  a  little  narrower  than  the  space  they  are  to 
occupy,  thus  making  provision  for  expansion  during  the 
heating.  The  joints  of  the  roof  are  all  covered  with  fire- 
brick laid  in  mud,  and  as  the  ovens  heat  and  expand,  the 
joints  must  be  watched  and  repaired,  if  necessary,  to  prevent 


leakage.  It  will  readily  be  seen  that  it  is  an  easy  matter  to 
take  the  roof  from  one  furnace  while  almost  red  hot  and 
place  it  on  another  one  that  is  just  to  be  lighted.  There  is 
an  appreciable  saving  made  thereby  in  the  time  required  for 
healing.  When  it  is  desired  to  move  a  section  of  the  roof, 
the  crane  hook  is  simply  caught  into  the  eye  c  attached  to  the 
middle  rail  of  the  roof  frame,  and  the  section  carried  to 
the  desired  place.  For  the  purpose  of  building  and  repair- 
ing these  roof  sections,  a  wooden  form  is  kept  in  a  suitable 
place,  accessible  to  the  crane,  and  the  damaged  sections 
placed  on  it  for  quick  repair.  Wells  are  provided  on  the 
outside  of  the  oven  large  enough  to  permit  a  man  to  enter 
and  control  the  dampers,  and  to  make  the  temperature  tests 
through  the  peep  holes. 
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Forty  of  these  ovens  have  been  built  in  one  set,  two  rows 
with  twenty  ovens  in  each  being  placed  back  to  back.  Two 
chimneys  carry  off  the  burned  gases.  Natural  gas  is  used  as 
a  fuel,  two  sets  of  burners  being  placed  above  the  pots  and 
directly  into  the  side  walls,  without  fireboxes.  The  ovens 
have  interior  dimensions  o£  10  ft,  X  20  ft.  X  8  ft.,  being 
measured  to  the  heel  of  the  roof  sections. 

33.  The  traveling  crane  is  kept  in  operation  continually, 
day  and  night.  The  device  used  in  lifting  and  carrying  the 
pots  by  means  of  the  traveling  crane,  called 
a  Hf ling  frame,  is  shown  in  Fig.  26.  The 
crane  hook  is  hooked  in  the  eye  a,  and  the 
two  arms  b,  b,  which  are  hinged  at  c,  are 
lowered  over  the  sides  of  the  pot  and  under 
the  projections  on  the  ends  of  the  stool. 
There  are  two  of  these,  one  with  the  distance 
between  the  arms  a  little  greater  than  the 
length  of  the  stool  of  the  annealing  pot  and 
the  other  a  little  less.  In  charging  an  oven,  the  wider  one 
is  used,  it  being  placed  over  the  finished  pot  and  the  hori- 
zontal parts  of  the  arms  pushed  toward  each  other  until 
they  catch  securely  under  the  edges  of  the  stool  and  the  pot 
lifted  by  means  of  the  crane  and  carried  over  to  the  oven. 
The  man  in  charge  of  the  work  in  the  meantime  goes  over 
to  the  oven  to  direct  the  lowering  operation.  When  the  pot 
is  deposited  in  its  proper  place  the  lifting  frame  is  lowered 
until  the  two  arms  are  free  to  swing  clear  of  the  pot.  The 
frame  is  then  raised  by  means  of  the  crane,  and  carried  back 
for  the  next  pot,  taking  the  man  with  it.  In  discharging 
the  oven,  the  other  lifting  frame  is  used.  In  dropping  down 
over  the  pot,  the  arms  must  first  be  pushed  apart  a  little. 
When  they  reach  the  bottom,  they  close  automatically,  catch- 
ing the  projecting  lips  of  the  stool,  thus  permitting  the  pot 
to  be  raised.  It  is  understood,  of  course,  that  occasionally 
there  will  be  some  difficulty  with  a  swelled  or  broken  pot. 
In  this  case  the  lifting  arms  are  taken  off  the  cross-shaped 
frame  t/and  chains  substituted  therefor.     These  arc  flexible 


^aovGoOt^lc 


31  MALLEABLE   CASTING.  §  53 

enough  to  adjust  themselves  properly  under  the  stool  and 
enable  the  whole  mass  to  be  raised.  When  the  pots  are  still 
hot,  an  iron  rod  with  a  suitable  handle  will  be  of  great  assist- 
ance in  guiding  the  lifting  frame  over  the  pot. 


MISCELLANEOUS    PROCESSES    AND 

EQUIPMENT. 

34.     RebeatlofE   and   tbe    Rebeatlnie  Furnace. — 

Some  malleable  castings  of  thin  section  and  compHcated 
form  develop  such  intense  internal  strains  upon  cooling 
that  they  are  liable  to  crack,  if  allowed  to  coo!  in  the  usual 
way.  Such  castings  should  be  shaken  out  of  the  sand  as 
soon  as  possible  after  pouring,  allowing  the  sand  to  stick  to 
them  to  prevent  rapid  cooling  while  exposed  to  the  air. 
They  should  then  while  still  red  hot  be  placed  in  a  reheat- 
ing furnace,  whose  interior  has  been  raised  to  a  red  heat 
before  the  molten  metal  is  tapped  from  the  malleable  fur- 
nace. The  castings  should  be  kept  hot  for  2  or  3  hours, 
after  which  the  furnace  is  allowed  to  cool  down  very  slowly; 
when  sufficiently  cooled  the  castings  and  loose  sand  may  be 
removed. 

The  furnace  used  for  this  purpose  is  very  simple,  con- 
sisting usually  of  a  firebox  running  along  the  side  of  a 
hearth,  on  which  the  castings  are  placed,  both  the  hearth 
and  firebox  being  slightly  raised  from  the  ground.  The 
fuel  used  may  be  oil,  gas,  coke,  or  coal.  Coal  will,  how- 
ever, require  a  longer  time  to  heat  the  furnace  than  the 
other  fuels. 

Fig.  37  {a)  and  {d)  shows  a  furnace  constructed  for  the 
purpose  of  burning  coke  or  coal,  in  which  a  is  the  firebox, 
d  the  hearth  on  which  the  castings  are  placed,  c  a  low  bridge 
wall,  d  the  grate,  c  the  ash-pit,/"  the  fire-door,  g  the  char- 
ging door,  and  A  the  chimney  flue.  Fig.  27  {d)  shows  a  section 
on  the  line  ^/,  Fig.  27  («).  The  grate  rf  is  placed  sufficiently 
below  the  hearth  to  give  the  required  depth  ot  the  fuel 
bed;  the  bridge  wall  c  is  made  high  enough  to  prevent  the 
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castings  from  rolling  into  the  fire,  and  the  chimney  flue  // 
is  raised  somewhat  above  the  level  of  the  hearth  to  prevent 
the  loose  sand  from  choking  up  the  flue.     A  damper  should 


J 

r                  6  '             ^ 

• 

be  used  in  the  chimney  flue,  so  that  it  may  be  closed  in 
order  to  retain  the  heat  in  the  furnace  and  allow  it  to  cool 
very  slowly. 

This  form  of  furnace  is  also  sometimes  used  to  heat 
castings  that  have  become  warped  in  the  annealing  process 
and  cannot  be  straightened  cold.  Very  great  care  must, 
however,  be  taken  when  this  is  done  to  prevent  the  tem- 
perature from  becoming  excessively  high,  as  this  tends  to 
destroy  the  strength  of  annealed  castings  and  renders  them 
bard  to  macliiiif. 

;(5.  Speciul  Anneallnic  Processes.  —  In  one  well- 
known  foundry  that  makes  malleable  pipe  fittings,  the  hard 
castings  are  simply  thrown  into  the  oven  and  annealed 
without  any  packing  whatever.  The  temperature  is  kept 
high,  but  the  process  is  necessarily  short,  as  the  castings 
heat  up  quickly  and  are  of  such  a  nature  that  ihey  do  not 
warp  during  the  process.  Subse*!|uent  rolling  in  a  long 
inclined  tumbling  barrel  produces  a  good  finish.  The  proc- 
ess while  good  for  this  class  of  work  is  not  to  be  recom- 
mended generally. 

In  another  foundry  the  ovens  and  the  pots  are  made  large, 
and  in  order  to  obtain  a  quick  penetration  of  the  annealing 
heat,  pieces  of  pipe,  which  extend   through  the  stool   and 
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cover,  are  inserted  in  the  pots,  thus  creating  a  circulation 
of  the  hot  gases  not  otherwise  obtainable.  This  method  is 
very  desirable  for  large,  flat  castings  of  favorable  design. 

Another  method  of  annealing  is  practiced  in  one  of  the 
large  works  of  this  country.  The  ovens  are  made  very 
narrow  and  the  castings  packed  in  them  in  scale,  without 
the  use  of  pots.  This  method  has  its  advantages  and  dis- 
advantages. There  is  danger  of  imperfect  heating  and 
annealing,  and  when  overheated  the  castings  are  liable  to 
be  warped  out  of  shape.  It  should  therefore  be  used  only 
for  heavy  castings  that  are  not  liable  to  be  warped  in  the 
annealing  process.  The  capacity  of  the  oven  also  is  limited 
and  the  amount  of  fuel  used  excessive.  On  the  other  hand, 
the  great  expense  of  annealing  pots  is  tntirely  avoided. 

36.  Firing. — In  annealing  as  well  as  melting  practice, 
the  chimney  is  a  good  guide  as  to  what  is  go.mg  on  in  the 
furnaces.  It  is  a  common  error  of  melters  and  annealers  to 
use  too  much  fuel  in  the  desire  to  get  up  a  gnod  heat. 
Instead  of  forcing  the  fires  by  using  too  much  coal  or  gas, 
it  is  better  to  use  less  fuel,  but  burn  it  completely.  When 
the  smoke  that  leaves  the  chimney  is  darker  than  a  light 
brown,  it  indicates  that  the  combustion  is  incomplete  ar.d 
gas  or  coal  is  burned  uselessly.  The  only  exceptions  to  this 
rule  are  at  the  moment  when  the  direction  of  air  and  gas 
is  reversed  in  the  open-hearth  furnace,  and  in  starting  up  of 
an  annealing  oven.  The  superintendent,  foreman,  melters, 
and  heaters  should  constantly  watch  the  chimneys  for 
indications  of  incomplete  combustion. 

37.  GalvanizinK. — Certain  classes  of  malleable  cast- 
ings, as  pipe  fittings,  for  instance,  are  frequently  galvanized. 
This  process  reduces  the  strength  of  the  iron  considerably, 
and  it  should  therefore  be  used  only  when  the  protection 
of  the  surface  from  corrosion  is  more  important  than  the 
strength  of  the  iron.  The  process  of  galvanizing  malleable 
iron  is  the  same  as  that  used  in  galvanizing  ordinary  gray 
iron. 
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MAKING  BRASS  CASTINGS. 


MOLD    MAKING. 


INTRODUCTION: 

1 .  Iron  and  Brass  Molds  Compared. — The  making 
of  molds  for  brass  castings  is  so  similar  in  principle  and 
practice  to  the  making  of  molds  for  iron  castings  that  he  who 
understands  making  them  for  iron  can  readily  learn  to  make 
them  for  brass;  and,  in  some  kinds  of  brass  work,  the  iron 
molder  may  be  more  successful  than  the  regular  brass  molder. 

Molds  for  small  brass  castings  are  made  on  benches  or 
over  troughs,  or  on  molding  machines,  while  heavy  castings 
are  made  on  the  floor,  as  is  done  with  corresponding  sizes  of 
iron  castings.  The  principal  difference  between  molds  for 
brass  and  for  iron  is  that  the  brass-work  molds  are  made 
from  finer  grades  of  sand.  The  lighter  and  finer  the  cast- 
ings to  be  made,  the  finer  must  be  the  grade  of  sand  used  in 
the  molds.  If  the  sand  is  too  coarse,  the  melted  brass  is 
sufficiently  fluid  to  find  its  way  into  the  openings  among  the 
grains,  making  the  surface  of  the  casting  rough  and  pitted; 
hence,  it  is  advisable  to  use  the  finest  grade  of  sand  that  the 
character  of  the  casting  will  permit.  In  addition  to  finer 
and  cleaner  sand,  brass  molding  requires  a  greater  allow- 
ance for  contraction,  different  facings,  parting  sand,  and 
finishings,  and  about  the  same  blackening  mixtures  and 
methods  of  drying  and  ventilating  as  in  iron  molding. 
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Bronze,  fine  art,  statue  founding,  etc.  is  a  specific  trade 
in  itself,  and  is  not  within  the  province  of  the  brass  molder, 
as  outlined  in  this  Section. 


MATBRIALB  USBD  IN  BRA.88  MOLDING. 

2.  Sand  for  Brass  Work. — Where  light  castings  are 
made  only  occasionally  and  are  not  a  regular  output  of  the 
shop,  the  molds  for  them  may  be  made  in  the  following 
manner:  The  coarser  sand  ordinarily  used  in  iron  molding 
is  dried  thoroughly  and  then  sifted  through  a  fine  sieve, 
the  portion  that  does  not  pass  through  being  cast  away. 
The  portion  that  does  pass  through  is  then  tempered,  and 
used  to  face  the  mold  by  being  sifted  over  the  pattern;  the 
remainder  of  the  mold  may  be  made  from  the  sand  ordi- 
narily used. 

It  is  important  to  have  the  molding  sand  as  free  from  all 
foreign  material  as  is  possible,  for  anything  that  will  coarsen 
the  sand  will  tend  to  give  a  rough  surface  to  the  casting. 
Brass  founders  are  very  particular  in  this  respect,  and  pieces 
of  cores  that  may  break  off  are  carefully  picked  out  of  the 
molding  sand;  some  founders  even  avoid  the  use  of  the  reg- 
ular parting  sand,  and  use  in  its  stead  powdered  rosin,  or  a 
mixture  of  rosin  and  charcoal,  on  the  joints  of  the  molds. 

If  the  form  of  the  casting  is  so  intricate  as  to  make  it 
inadvisable  to  take  the  risk  of  the  green  sand  supporting 
itself  in  the  more  delicate  parts,  or  if  the  mold  is  so  deep 
that  the  green  sand  will  not  support  itself  at  the  bottom,  it 
may  be  necessary  to  use  a  dry-sand  mold  or  a  loam  mold. 

The  sand  mixtures  for  dry-sand  or  loam  work  should  be 
close-grained,  but  of  such  a  character  as  not  to  b.ike  too 
hard,  as  this  will  cause  the  metal  to  boil  when  the  mold  is 
poured;  besides,  the  metal  will  not  stay  in  contact  with  the 
sides  of  the  mold,  so  that  a  bad  casting  will  result. 

3.  Bluckenlngtt  and   Partings   for   Brass  Molds. 

The  methods  and-  mixtures  used  for  blackening  the  surfaces 
of  dry-sand  and  loam  molds  for  iron  may  be  used  for  brass 
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molding.  In  some  cases  skin  drying  is  practiced  for  brass 
as  well  as  for  iron.  The  principal  difference  is  that  insteid 
of  using  ordinary  blackenings,  and  sleeking  and  printing  the 
molds,  as  in  iron  work,  other  substances,  such  as  flour, 
whiting,  lime,  water-lime  cement,  powdered  chalk,  and 
lycopode,  are  used.  Plumbago  is  used  for  heavy  brasses, 
especially  those  of  red  or  whitish  color,  but  is  objectionable 
for  yellow  brass.  Whichever  one  of  these  substances  is 
.  used,  it  should  be  ground  fine,  so  as  to  close  up  the  pores  of 
the  sand  as  much  as  possible  in  order  to  prevent  the  metal 
cutting  into  the  sand  and  giving  a  rough  casti/ig.  For 
heavy  work,  flour  is  shaken  out  of  a  bag  on  the  mold  sur- 
face, and  then  plumbago  thrown  by  hand  or  shaken  out  of 
a  bag  on  top  of  the  flour,  after  which  the  surface  is  sleeked 
with  finishing  tools  similar  to  those  used  in  finishing  dry 
blackening  on  iron  molds.  Where  the  molds  are  liable  to 
stand  for  more  than  10  hours  before  being  poured,  flour  is 
objectionable  for  the  reason  that  it  causes  a  vegetable 
growth  on  the  face  of  the  mold  that  may  cause  rough  cast- 
ings; it  also  causes  the  parts  of  the  joint  to  stick  together. 

The  joints  in  the  molds  are  made  by  match  boards,  plates, 
sand  odd-sides,  or  composition  matches,  as  in  ihe  molds  for 
iron;  but  great  care  must  be  used  in  the  selection  of  a  part- 
ing sand  to  find  a  material  that  will  not  coarsen  the  regular 
molding  sand  when  mixed  with  it,  since  the  ordinary  parting 
sand  will  give  trouble  in  this  respect. 

For  a  parting  material  at  the  joints,  powdered  rosin,  or  a 
mixture  of  powdered  rosin  and  charcoal  dust,  is  often  used. 
A  material  lately  introduced  for  this  purpose,  called  lyco- 
pode, is  said  to  work  well,  and  besides  makes  a  good  facing 
for  preventing  the  adhesion  of  the  sand  to  the  pattern. 
Much  trouble  is  experienced  at  times  by  sand  adhering  to 
the  surfaces  of  metal  patterns,  especially  in  damp  or  frosty 
weather,  when  the  moisture  in  the  air  condenses  on  the 
metallic  surfaces.  The  molders  then  say  that  the  patterns 
are  swreatlng.  Some  molders  brush  kerosene  oil  over  the 
surfaces  in  order  to  prevent  this  adhesion,  but  this  plan  is 
not  entirely  satisfactory. 
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MAKING  MOLDS  POB  BRASS  CASTINGS. 

4.  Mixing  PaclnsH  for  Molds. — In  mixing  facings 
for  brass  castings,  sea  coal  or  coke  is  not  required,  as  is  the 
case  with  iron  castings.  New  molding  sand  that  h^s  been 
carefully  screened  and  mixed  to  an  even  temper  is  generally 
used.  This  is  applied  to  the  face  of  the  pattern  through  a 
fine  sieve.  In  tempering,  the  same  principles  hold  as  with 
sand  used  for  iron  castings;  the  sand  should  be  thoroughly 
mixed.  The  drier  it  is  when  placed  in  the  mold,  the  better; 
since  an  excess  of  moisture  will  make  steam,  and  thus  cause 
scabs  and  blowing,  in  the  same  manner  as  occurs  when  pour- 
ing iron  castings.  The  molds  are  rammed  to  about  the  same 
degree  of  firmness  in  both  cases. 

5.  Venting  Molds. — The  methods  of  venting  are,  in 
general,  the  same  for  brass  work  as  for  iron,  though  the  cope 
should  be  vented  more  freely  in  the  former  case,  so  as  to 
allow  an  easy  escape  of  the  enclosed  air  and  gases  during 
the  pouring,  thus  allowing  the  metal  to  run  quickly  and 
solidly  into  the  corners.  Small  vent  holes  are  often  made 
entirely  through  the  cope  for  this  purpose. 

6.  nrylng  Molds. — Sometimes  small  molds  are  dried 
by  burning  gasoline  on  their  surfaces;  at  other  times  they 
are  covered  with  a  red-hot  plate  until  the  heat  gives  the  sur- 
face a  hard,  dry  crust.  Some  molders  dry  the  surface  of  a 
mold  by  holding  it  over  a  burning  lamp,  which  also  serves 
the  purpose  of  smoking  it.  The  same  object  may  also  be 
accomplished  by  holding  the  mold  over  a  piece  of  burning 
rosin.  The  mold  may  be  dried  by  placing  a  burning  gas  jet 
inside,  and  then  covering  it  over  with  a  plate.  With  some 
sands  it  is  necessary  to  spray  the  surface  with  molasses 
water  to  obtain  the  necessary  hardness  on  the  surface. 

7.  Provision    for   Contraction. — The  contraction 

that  occurs  in  a  brass  casting  during  cooling  exceeds  that  of 
an  iron  casting.  Where  the  contraction  in  iron  is  ^  inch  to 
the  foot,  that  in  brass  is  -^  inch;  since  the  contraction  is 
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fairly  uniform,  it  may  be  provided  for  in  making  the  pattern. 
If  metal  patterns  for  brass  are  to  be  made  from  wooden 
ones,  the  shrinkage  allowance  in  the  wood  patterns  should 
be  double  the  usual  allowance. 

In  dry-sand  or  loam  molding,  provision  should  be  made 
for  contraction  while  the  casting  is  cooling.  In  many  cases, 
if  this  provision  is  not  made,  the  casting  will  break.  This 
is  especially  likely  to  occur  where  the  brass  contains  a  large 
percentage  of  copper.  If  the  core  in  a  mold  is  made  in  such 
a  way  that  the  casting  as  it  contracts  in  cooling  cannot 
crush  it,  or  if  the  core  rods  running  from  one  side  of  the 
core  to  the  other  are  too  near  the  surface  and  will  not  give 
way,  the  casting  is  likely  to  break.  In  order  to  prevent 
this,  the  cores  should  always  be  made  in  such  a  manner  that 
they  will  yield  when  the  casting  contracts;  for  this  pur- 
pose they  may  be  filled  with  cinders,  or  they  may  be  made 
of  some  yielding  material.  This  advice  is  applicable  to  both 
dry -sand  molds  and  green-sand  molds. 

8.  Gatlnic  and  Feedtag  Molds. — Owing  to  the  fact 
that  brass,  if  it  drops  any  considerable  distance,  will  cut 
the  sand  in  a  mold,  and  thus  cause  lumps  or  scabs  on  a 
casting,  it  is  usually  better  to  ^a(e  a  mold  for  a  heavy  cast- 
ing as  near  the  bottom  as  possible.  If  the  casting  is  deep, 
it  may  have  top-pouring  gates  in  connection  with  the  bottom 
gate. 

With  light  castings,  the  danger  of  cutting  the  mold  and 
of  scabbing  is  not  so  serious;  but  the  question  of  shaping 
the  gates  properly,  and 
of  so  placing  them  that 
the  casting  will  be  full 
and  sharp  at  the  cor- 
ners, is  important.  In 
order  to  aid  the  metal 
in  filling  the  mold  prop- 
erly, the  mold  is  often 
placed  in  an  inclined  position,  with  the  pouring  gate  a  at 
the  top,  as  shown  in  Fig.  1. 


^aovGoOt^lc 


6  BRASS   FOUNDING.  §64 

Where  the  castings  are  of  a  bulky  character,  provision  is 
generally  made  to  prevent  shrinkage;  for  this  purpose /rc^- 
ers  are  brought  to  the  heavier  parts. 
In  constructing  these  feeders,  it 
is  better  to  connect  them  with  the 
upper  edge,  as  shown  by  the 
feeder  c,  Fig.  3,  than  to  place 
them  directly  on  the  top  face  of 
the  casting,  as  shown  by  the 
feeder  d.  After  the  mold  has 
'°'  '■  been  poured,  it  should  be  fed  occa- 

sionally from  the  crucible  as  long  as  the  metal  remains  fluid. 
This  is  determined  by  the  metal  in  the  feeding  heads  rising 
when  fresh  metal  is  poured  into  the  gates  or  feeding 
heads. 

A  wooden  feeding  rod  may  be  used  in  pouring  brass  molds, 
instead  of  a  metal  rod,  as  used  in  iron  molding.  The  wood 
should  be  thoroughly  dried. 

The  feeders  and  their  connections  should  be  large  enough 
to  remain  fluid  as  long  as  the  casting  does;  this  necessity 
exists  as  much  in  brass  casting  as  in  iron  casting. 


CLEANING    BRASS    CASTINGS. 
9.     Hand    W^ork. — Usually  the  sand  is  removed  from 

brass  castings  by  means  of  wire  brushes  and  files.  The 
gates  and  feeders  are  removed  by  making  cuts  with  hack 
saws  and  chisels  to  a  depth  sufficient  to  allow  these  parts  to 
be  broken  off  with  a  hammer.  After  the  gates  and  feeders 
have  been  removed,  any  projections  that  they  leave  are  cut 
off  with  chisels  or  files,  or  by  grinding.  When  files  are  used, 
they  must  be  cleaned  occasionally  with  a  file  card.  The  sand 
blast,  sprue,  or  gate-cutting  machines,  and  several  other 
labor-saving  devices  are  also  employed  for  cleaning  castings. 
There  are  in  the  market  several  forms  of  sprue-cutting  or 
gate-cutting  machines,  as  well  as  power  band  saws  for  cut- 
ting off  gates. 
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10.  Tumbllas  barrels  used  for  cleaning  brass  cast- 
ings are  made  with  wooden  staves,  to  avoid  breaking  the 
corners  of  the  castings,  and  also  are  often  arranged  to  hold 
water.  When  being  charged,  the  tumbling  barrel  should  be 
nearly  filled,  so  that  the  castings  may  not  tumble  about  too 
much  and  thus  bruise  their  corners;  small  scraps  and  floor 
shot  should  be  packed  in  with  the  charge,  as  they  assist  in 
cleaning  the  castings. 

11.  PicklloK.— Brass  castings  are  pickled  in  nearly 
the  same  manner  as  iron  castings.  A.  pickling  liquor  that  is 
sometimes  used  consists  of  3  parts,  by  measure,  of  nitric  acid 
and  3  parts  of  sulphuric  acid,  with  a  handful  of  table  salt  to 
each  quart,  no  water  being  added.  The  pickle  may  be  held 
in  any  suitable  receptacle,  such  as  a  glazed  earthenware 
crock,  or  a  vitrified  bathtub;  it  is  necessary  to  provide  a 
vessel  large  enough  to  hold  the  largest  casting  to  be  handled. 
The  castings  are  simply  dipped  and  removed  at  once  and 
rinsed  in  clear  water.  This  dip  is  merely  for  cleaning  and 
brightening  the  castings.  Various  dips  are  used  to  produce 
different  colors. 


APPLIANCES    FOR    MELTING    BRASS. 


THE  CRUCIBLE  FURNACE. 

.12.  Introduction. — The  furnaces  for  brass  melting 
may  vary  from  a  plain  pipe  stuck  into  the  ground  and  sup. 
plied  with  a  bottom  grate  and  a  stack  to  the  most  elaborate 
devices.  Some  brass  founders  use  air  furnaces,  while  others 
use  cupola  furnaces,  but  the  crucible  furnace  is  the  most 
common.  The  plain  cylinder  furnace  with  a  grate  and 
stack  that  can  be  worked  by  natural  draft,  or,  with  the 
stack  omitted,  by  forced  draft,  is  also  used.  Some  patent 
furnaces  for  which  many  advantages  are  claimed  are  also 
in  use. 
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13.  Location  of  Brass  Furnace. — The  furnace  for 
melting  brass  is  usually  built  in  a  corner  of  the  shop,  if  it 
has  only  a  single  firebox;  but  if  there  are  several  furnaces 
built  in  a  battery,  they  are  placed  alongside  the  wall  where 
the  flues  can  be  connected  with  an  outside  chimney  or  stack. 
They  may  be  arranged  to  have  the  ash-pit  either  inside  or 
outside  the  shop  walls.  If  the  pit  is  on  the  inside,  it  is  usu- 
ally covered  with  grated  plates  and  has  the  opening  on  a 
level  with  the  floor  surface;  or  it  may  be  built  above  the 
floor  level  and  have  a  grated  front  for  the  admission  of  air. 
In  some  brass  foundries  the  furnaces  are  located  in  the 
center  of  the  building,  where  they  are  easy  of  access. 

14.  Simple   Brass  Furnace. — The  construction  of  a 

simple  furaaee  for  melting  brass  is  shown  in  Fig.  3.     It 


is  built  below  the  floor  level  a  and  consists  of  a  sheet-iron 
shell  I)  lined  with  firebricks  c,  resting  on  a  bedplate  d,  and 
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fitted  with  a  cast-iron  cover  e.  The  covers  are  usually  pro- 
vided with  a  refractory  lining.  Two  bearing  bars  y",y  sup- 
port the  loose  grate  bars  g.  The  ash-pit  h  is  usually  from 
13  to  18  inches  deep.  The  products  of  combustion  pass 
through  a  flue  i  near  the  floor  line  a. 

The  flue  should  have  a  diameter  equal  to  about  one-third 
that  of  the  furnace  and  be  connected  to  a  chimney  or  flue 
that  has  an  area  at  least  as  great  as  its  own,  and  which  is 
high  enough  to  give  a  good  draft.  The  height  of  the  chimney 
will  depend  to  a  great  extent  on  the  surroundings.  The 
flue  i  should  be  lined  with  firebrick  or  fireclay  to  protect  the 
shell  k;  some  founders  use  a  cast-iron  pipe,  however,  for  a 
fiue  and  renew  it  whenever  it  is  burned  away.  The  top  of 
the  furnace  is  generally  made  from  6  to  12  inches  above  the 
level  of  the  floor  line  a.  The  inside  diameter  of  the  lining 
is  generally  made  from  6  to  8  inches  larger  than  the  great- 
est diameter  of  the  largest  crucible  that  will  be  used. 
The  furnace  is  usually  made  of  such  a  height  that  the 
top  of  the  crucible  will  be  within  3  inches  of  the  bottom 
of  the  flue  (  when  there  is  about  9  inches  of  fuel  under  the 
crucible. 

The  grate  bars  g  have  a  considerable  influence  on  the  char- 
acter of  the  draft.  They  may  be  plain,  straight,  cast-iron, 
or  wrought-iron  bars ;  or  the  grate  may  be  one  circular  cast- 
ing. If  made  of  separately  cast  bars,  it  is  well  to  have  lugs 
cast  near  their  ends,  to  keep  them  at  a  uniform  distance 
from  one  another,  since  this  allows  a  uniform  draft  to  pass 
through  the  fire,  and  gives  better  combustion  in  the 
furnace, 

15.  Brass  Furnaces  in  a  Battery. — Where  more 
than  one  crucible  furnace  is  required,  and  where  they  can 
be  connected  together,  all  the  flues  may  lead  to  one  main 
flue  that  connects  with  a  chimney  placed  midway  between 
the  furnaces ;  for,  if  the  chimney  is  at  one  end  of  the  row,  the 
furnace  that  is  farthest  away  may  suffer  for  lack  of  draft. 
The  main  flue  should  have  an  area  equal  to  the  combined 
area  of  the  flues  that  form  the  branches.  Where  natural 
eSB— IT 
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draft  is  depended  on,  every  care  should  be  taken  to  have  it 
as  good  as  is  possible  under  the  existing  conditions;  for,  if 
the  draft  is  light,  the  speed  of  melting  will  be  low  and  the 
quality  of  the  metal  poor. 

An  improved  furnace  that  is  used  in  the  brass  foundry  of 
one  of  the  largest  railways  in  the  United  States  is  shown  in 
Figs.  4  {a)  and  (*),  and  5  {«)  and  {/>).  Fig.  4  (d)  shows  the 
end  elevation,  and  (a)  a  plan  with  sections  of  a  battery  of 
four    furnaces.      The    furnace    consists    of    two    cast-iron 


cylinders  a,  b.  Fig.  5  {a)  and  {b),  one  within  the  other  with  an 
air  space  between.  The  inner  one  is  lined  with  firebrick  c 
and  has  a  square  top  cover  d.  Fig.  4  {a),  with  a  circular 
door  e,  which  is  counterbalanced  by  means  of  a  chain  and 
weight  /,  Fig.  4  {h).  The  covers  d  of  the  furnaces  with  the 
gratings  ^  over  the  ash-pit  make  a  continuous  platform  on 
the  floor  level  //,  as  shown  in  Fig.  4  {b).  A  hinged  grate  i 
forms  the  bottom  of  the  inner  cylinder  and  a  spherical  door  k 
hmged  to  the  circular  bottom  casting  /  closes  the  bottom 
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of  the  outer  one,  as.  shown  in  Pig.  6  (a).  The  whole  fur- 
nace is  supported  by  I  beams  I'l,  m  on  posts  n  resting  on 
foundations  below  the  level  of  the  ash-pit  floor,  as  shown  in 
Fig.  4  (i^).  The  lower  door  k  is  held  securely  in  a  closed 
position  by  a  hinged  prop  o  and  is  opened  and  closed  by 
means  of  a  chain  wound  on  the  shaft  of  a  hand  wheel/,  and 
a  ratchet  and  pawl,  as  shown  in  Fig.  5  (a).  The  bottom  k  is 
made  bowl-shaped  so  as  to  serve  as  an  ash  receiver  and  also 
large  enough  to  hold  the  metal  if  a  crucible  should  break. 
A  heavy  curved  piece  of  iron  q  fastened  to  the  inside  of  the 
bowl  lifts  and  holds  the  grate  i  in  position.  The  blast  from 
the  blower  enters  at  r  and  the  burned  gases  pass  through  the 
upper  opening  s  to  the  stack,  as  shown  in  Fig.  5  {b').  The 
blast  pipes  r  are  laid  along  the  escape^  flues  /,  Fig.  4  (a) 
and  (b),  and  the  air  flows  through  the  heated  space  between 
the  cylinders  a,  b,  as  shown  in  Fig.  6  {a)  and  {b).  This 
plan  utilizes  considerable  waste  heat  and  greatly  reduces  the 
time  necessary  to  melt  the  charge.  An  ash-car  ti  runs  on 
tracks  in  the  pit  and  is  lifted  from  the  pit  by  means  of  a 
pneumatic  hoist  operating  on  an  overhead  trolley;  the  hoist 
also  serves  to  handle  the  crucibles,  which  are  No.  80  in  size 
and  rest  <lirectly  upon  the  grate  i.  In  many  cases  chain 
hoists  are  used  for  handling  the  crucibles. 

16.  Increasing  the  Speed  of  Melilns  Brass. — It  is 

at  times  desirable  to  increase  the  speed  of  melting  in  the 
regular  crucible  furnace.  This  may  be  done  by  inserting  a 
blast  pipe  from  a  blower,  under  the  grate,  and  closing  the 
front  of  the  ash-pit  with  a  piece  of  sheet  iron  /,  as  shown  in 
Fig.  3.  Where  a  hours  are  required  to  meft  the  metal  under 
natural  draft,  1  hour  will  generally  suffice  with  forced  draft; 
but  the  forced  draft  is  much  harder  on  the  crucibles,  and, 
besides,  requires  constant  attendance  from  the  founder. 
Nevertheless,  there  may  be  times  when  the  high  speed  of 
melting  is  desirable. 

17.  Combined  Cupola  and  Crucible  Furnace. — In 

Fig.  6  is  shown  a  sectional  view  of  a  furnace  arranged  with 
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a  sand  bottom,  so  that  the  metal  may  be  melted  in  direct 
contact  with  the  fuel;  or,  by  replacing  the  sand  bottom  with 
a  grate,  the  metal  may 
be  melted  in  crucibles. 
When  using  this  furnace 
without  a  grate  for  melt- 
ing copper,  it  is  necessary 
to  have  the  blast  much 
milder  than  when  melt- 
ing iron,  and  to  use  from 
one-eighth  to  one-fourth 
more  fuel.  In  preparing 
the  furnace,  the  daubing 
should  be  put  on  thinly 
and  the  surface  should 
be  blackened  over,  as  in 
blackening  a  dry-sand 
core  or  dry-sand  mold, 
for  the  cleaner  the  metal 
is  kept  in  melting  it,  the 
better  will  be  the  results 
in  casting.  Only  the  cop- 
per should  be  melted  in 
this  cupola,  and  the  tin 
and  zinc  for  the  mixture  ~ 

should   be  added  to  the 

copper  after  it  has  been  tapped  from  the  cupola;  or  the 
other  components  of  the  desired  alloy  may  be  in  the  ladle 
in  a  melted  state  when  the  copper  is  drawn  from  the  cupola. 
Mixing  the  alloy  while  it  is  in  direct  contact  with  the  fuel 
causes  it  to  absorb  sulphur  from  the  fuel,  and  metallic  oxides 
are  formed,  which,  with  the  sulphur,  may  generate  gases 
and  so  cause  blowholes  in  the  castings.  Many  founders  who 
have  tried  to  melt  brass  in  a  cupola  have  experienced  this 
trouble. 

When  crucibles  are  used  in  the  furnace  shown  in  Pig.  6, 
they  should  be  charged  in  the  same  manner  as  in  the  regular 
crucible  furnace.     They  should  be  set  in  the  cupola  on  a  bed 
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of  fuel  ranging  from  8  to  10  inches  in  depth;  fuel  should  be 
placed  around  their  sides  and  the  blast  applied,  instead  of 
using  the  natural  draft. 

IS.  Oil-Burnlos  Brass  Furnace. — While  the  cruci- 
ble method  is  the  most  common  one  for  melting  brass,  it  is 
also  melted  in  contact  with  the  flame  in  furnaces  that  use 
crude  petroleum  for  fuel.  In  Fig.  7  is  shown  one  form  of 
oil-burning  furnace.  It  consists  of  a  pear-shaped  boiler- 
plate shell  a  mounted  on  trunnions  6,  b'  supported  by  stand- 


ards on  substantial  foundations.  The  bottom  c  is  removable 
for  the  purpose  of  lining  the  shell  a  with  fiiebricks,  making 
repairs,  etc.  After  the  bottom  c  is  bolted  in  place,  the 
materials  for  its  lining  are  introduced  through  the  hinged 
charging  door  ;/at  the  top  of  the  furnace.  The  furnace  is 
tilted  and  held  in  any  desired  position  by  means  of  a  worm- 
wheel  £  on  the  trunnion  b'  and   a  worm   and    beve!  gears 
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operated  by  a  hand  wheel  /.  The  air  and  oil  enter  the  fur- 
nace near  the  top  through  two  tuyeres  g,^  placed  at  an 
angle  to  each  other  and  pointing  downwards.  The  oil  pipe  A 
and  the  air  pipe  /'  are  connected  to  the  movable  parts  on  the 
furnace  by  means  of  stuffingboxesatthe  end  of  the  trunnion  i^. 
The  furnace  is  heated  to  its  working  temperature  before  the 
charge  is  put  in.  To  aid  in  preventing  excessive  oxidation 
of  the  charge,  it  is  necessary  to  cover  it  with  some  material 
to  protect  it ;  a  small  amount  of  fine  anthracite  coal  is  some- 
times used  for  this  purpose.  When  the  charge  is  melted,  it 
is  emptied  into  ladles  through  the  brick-lined  spouty,  which 
is  also  the  only  outlet  for  the  products  of  combustion;  the 
operation  of  the  furnace  is  judged  by  observing  the  flame 
that  issues  from  the  spout.  The  advantages  of  this  furnace 
are  that  a  larger  amount  of  metal  can  be  melted  in  one  bath 
than  where  crucibles  are  used,  and  a  greater  amount  of 
meial  can  be  melted  in  a  given  time  per  square  foot  of  floor 
space  occupied  by  the  furnace. 


CRUCIBLES  FOR   MELTING  BRASS. 

19.  Care  of  Crucibles — If  the  crucibles  used  in 
melting  brass  be  handled  carefully,  they  will  last  thirty  or 
more  heats ;  but  if  they  are  handled  carelessly  or  ignorantly, 
they  may  be  injured  by  crushing  or  cracking  in  one  or  two 
heats. 

The  first  thing  necessary  to  the  life  of  a  crucible  is  that  it 
be  annealed  thoroughly  for  several  days  at  a  moderate  heat, 
ranging  about  230°  F.,  such  as  the  mild  heat  in  core  ovens. 
Crucibles  are  usually  thoroughly  annealed  when  being  made, 
but  in  transportation  from  the  maker  to  the  user,  they 
absorb  moisture  that  must  be  slowly  driven  out  or  they  will 
crack  at  the  first  heat. 

In  the  case  of  large  crucibles,  it  is  well,  after  annealing 
them  in  an  oven,  to  keep  thcnt  riiouth  downwards  over  a 
slow  fire  for  6  or  8  hours. 

A  sufficient  number  of  crucibles  should  be  kept  on  hand, 
so  that  any  of  them  that  are  partly  glazed  may  be  saved  for 
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heavy  heats  or  any  especially  hot  firing  that  may  be  on 
hand. 

A  crucible  used  where  the  melting  is  done  in  from  IJ  hours 
to  IJ  hours,  under  forced  draft,  cannot  last  as  long  as  one 
where  from  3  to  4  hours  are  taken  in  the  melting.  The 
character  of  fuel  used  may  also  have  much  to  do  with  the 
life  of  a  crucible.  If  the  draft  or  damper  is  regulated  in  such 
a  manner  as  to  produce  an  oxidizing  instead  of  a  reducing 
flame,  the  effect  will  prove  injurious  to  the  life  of  the 
crucible. 

The  kinds  of  metals  melted  also  are  important  factors.  A 
crucible  that  will  last  only  three  heats  when  melting  nickel 
may  last  six  heats  with  steel,  twenty-five  heats  with  copper, 
and  possibly  the  same  pot  may  be  used  forty  times  when 
melting  the  soft  compositions. 

In  charging  furnaces,  the  metal  should  not  be  jammed 
into  the  crucible,  as  this  will  strain  the  pot  and  cause  slight 
cracks.  In  using  the  tongs,  they  should  be  made  to  fit  the 
crucible  closely,  since  if  they  do  not  fit,  they  will  strain  the 
parts  with  which  they  are  in  contact. 

After  pouring  the  metal  out  of  the  crucible,  care  should 
be  taken  to  see  that  none  remains  in  the  bottom,  as  it  will 
adhere  to  the  bottom  and  tear  it  when  it  has  cooled,  or  while 
being  removed  when  the  crucible  is  being  prepared  for  the 
next  heat. 

When  the  heat  is  finished,  the  crucible  should  be  stored 
away  in  some  warm,  dry  place  until  the  next  heat;  and  if 
this  interval  lasts  more  than  a  few  days,  it  should  be  put  in 
the  core  oven  and  heated  before  being  used  again. 

In  ordering  crucibles,  it  is  well  to  inform  the  manufac- 
turer of  the  kind  of  metal  for  which  it  will  be  used ;  this  will 
enable  him  to  select  a  mixture  for  the  crucible  that  will  be 
suitable  for  the  intended  work, 

20.  Capacities  of  Crucibles. — Table  I  gives  the 
diameter  of  crucibles  and  the  pounds  of  metal  they  will 
hold,  as  well  as  the  numbers  by  which  they  are  sold  by 
dealers. 
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BIZB   AKD   CAPACITY    OF   CRVCIBLES. 

Number 

Outside 

Greatest           |       Capacity  in 

of 

Height. 

Outside  Diameter. 

Melted  Metal. 

Cnidble. 

laches. 

Incites. 

Pounds. 

I 

3i 

3 

3 

3 

4 

a 

6 

3 

4i 

3f 

9 

4 

Si 

41 

13 

5 

6 

41 

•s 

6 

H 

Si 

iS 

S 

7i 

51 

34 

lO 

.8i 

H 

30 

II 

8* 

H 

3« 

14 

9* 

71 

4a 

i6 

9l 

7i 

48 

|8 

10 

81 

54 

ao 

."S 

8| 

60 

"5 

■>i 

9 

75 

30 

"i 

9l 

90 

35 

"1 

9l 

105 

40 

"i 

9} 

120 

45 

13 

■-1 

13s 

50 

■3} 

.0} 

150 

60. 

■41 

"1 

180 

70 

■4} 

"i 

aio 

80 

■5i 

"i 

240 

100 

■6i 

■3 

300 

HELTINO  COPPER  AND  OLD  BRASS. 

21.  Operating  ihe  Brass  Furaace. — Before  pla- 
cing the  crucible  in  the  furnace,  the  fire  shouUI  be  well  under 
way;  there  should  be  sufficient  fuel  in  the  furnace  to  form 
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a  solid  bed  from  8  to  10  inches  thick  between  the  grate 
and  the  crucible,  which  should  be  charged  with  the  metal 
before  it  is  placed  on  the  bed  of  burning  fuel.  The 
crucible  is  packed  closely,  and  is  filled  to  the  top,  the  metal 
being  allowed  to  protrude  from  the  top, 
if  it  is  known  that  when  melted  it  will 
not  quite  fill  the  crucible.  The  crucible 
tongs,  one  form  of  which  is  shown  in 
Fig.  8,  are  then  placed  over  the  crucible, 
and  are  held  in  place  by  means  of  the 
link  a.  The  crucible  is  then  lifted  and 
lowered  into  the  furnace  by  the  tongs  and 
set  evenly  on  the  bed  of  fuel.  The  tongs 
are  now  removed,  and  fuel,  broken  to  a 
medium  size,  is  shoveled  into  the  furnace 
to  fill  the  space  between  the  crucible  and 
the  sides  of  the  furnace,  the  fuel  being 
filled  in  to  the  level  of  the  top  of  the 
crucible. 

22.  Adjustlne  ttae  Crucible.— As 
the  fuel  burns  away,  the  crucible  will  set- 
tle gradually  toward  the  grate,  artd  to 
prevent  its  settling  too  low,  so  that  there 
will  not  be  a  sufficient  body  of  fire 
under  it,  it  is  raised  occasionally  by 
means  of  the  crucible  tongs  to  its  original  position.  When 
the  crucible  is  raised,  the  fuel  from  the  sides  settles  down 
under  it,  and  the  crucible  is  readjusted  on  the  bed;  the 
crucible  tongs  are  then  removed  and  fresh  fuel  added  to 
replace  that  which  has  settled  under  the  crucible.  The 
cover  /,  Figs.  3  and  6,  is  put  in  place  in  order  to  continue 
the  draft  ar.d  keep  the  heat  in  the  furnace. 

In  some  cases  the  crucible  may  need  adjusting  in  this  way 
two  or  three  limes  before  the  metal  will  be  hot  enough  to 
be  poured  into  the  molds.  As  the  furnace  cools  somewhat 
every  time  it  is  opened  for  the  admission  of  fresh  fuel,  the 
fire  should  be  so  arranged  that  it  will  not  need  fuel  just 
before  the  metal  is  poured,  for  renewing  It  at  that  time  will 
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cause  a  setback  by  cooling  the  metal.  Usually  the  crucible 
will  take  more  metal  when  the  first  charge  melts  and  settles, 
in  which  case  the  additional  metal  is  gently  added  by  means 


of  the  tongs  shown  in  Fig.  9.  This  method  of  melting  brings 
the  whole  potful  to  the  melting  temperature  in  a  uniform 
manner. 

The  metal  should  not  be  left  in  the  furnace  longer  than  is 
necessary  to  give  it  the  degree  of  fluidity  necessary  to  pour 
it,  for  if  the  temperature  is  increased  beyond  this  point,  it 
will  cause  injury  to  the  metal  and  may  cause  blowholes  in 
the  castings,  especially  if  the  metal  has  a  large  percentage 
of  copper.     The  proper  temperature  can  be  determined  only 
by  watching   the   alloy  closely   during   the 
melting.     If,  when  a  rod  is  inserted  into  the 
molten  metal,  no  metal  adheres  when  it  is 
withdrawn,    the    metal    is    at    least    warm 
enough  to  be  poured.     If  it  is  held  in  the 
fire  longer,  it  will  be  injured  by  absorbing 
oxygen  from  the  air.     If  old  brass  is  used, 
some  of  the  zinc  will  oxidize,  or  burn  out; 
this  loss  must  be  replaced  by  new  material. 

23.  Handllns  the  Crucible  and 
Metal. — When  taking  the  crucible  out  of 
the  furnace  with  the  tongs,  care  must  be 
taken  that  the  jaws  b,  b,  Figs.  8  and  10, 
of  the  tongs  are  below  the  largest  part  of 
the  crucible,  as  is  shown  in  Fig.  10,  for  if 
they  are  nut,  the  pot  may  slip  out  of  the 
tongs  before  it  reaches  the  top  of  the  fur- 
nace or  as  it  is  being  carried  around  the 
floor,  thus  spilling  and  losing  the  metal  and  ""'  "'" 

endangering  the  workmen.  When  the  tongs  clasp  the  pot, 
a  link  a.  Fig.  8,  is  slid  along  the  handles,  as  shown,  and  made 
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to  press  them  tightly  together;  the  pot  can  then  be  lifted 
out  of  the  furnace.  If  the  pot  is  too  heavy  for  one  man  to 
handle,  it  is  lifted  by  two  or  more  men  taking  hold  of  the 
handles  and  lifting  it  to  the  top  of  the  furnace.  When  the 
crucible  is  very  heavy,  a  chain  hoist  is  used,  hooking  it  on 
one  of  the  hooks  c,  or  attaching  it  to  the  eye  li.  Fig.  8. 

Sometimes  the  hoists  are  suspended  from  overhead  rails 
or  trolleyways  that  permit  of  the  crucible  being  carried 
from  the  furnace  to  the  mold  while  it  is  suspended  in  the 


lifting  tongs;   or  it  may  be  lowered  into  a  ladle  shank  a, 

as  shown  in  Fig.  11.  In  pouring  by  the  use  of  these  shanks, 
an  extra  helper  is  required  to  hold  the  crucible  in  the 
shank. 

24.  Oxidation  In  Melting  Brass. — As  the  melting 
proceeds  in  the  furnace,  care  should  be  taken  to  keep  the 
top  of  the  molten  metal  from  contact  with  the  air  as  much 
as  possible.  This  is  done  by  covering  the  metal  with  pow- 
dered charcoal,  glass,  or  some  other  fine,  dry  dust.  Copper, 
especially,  has  an  affinity  for  oxygen,  and  care  must  be 
taken  to  prevent  its  absorbing  o.xygen  from  the  air,  since 
this  affects  the  strength  and  homogeneity  of  the  castings  to 
such  an  extent  that  when  they  are  broken  oxide  spots  will 
be  found  in  addition  to  bb)wholes.  To  prevent  this  as  much 
as  possible,  many  founders  will  not  remove  the  covering  of 
charcoal,  or  whatever  covering  may  be  used,  from  the  sur- 
face of  the  metal  until  the  last  moment  before  pouring,  and 
may  even  leave  it  on  during  the  pouring,  holding  it  back 
with  a  skimmer. 
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The  evil  of  oxidation  is  so  serious  with  nearly  pure  cop- 
per and  some  kinds  of  bronze  castings  that  the  scheme  of 
using  secondary  ladles  that  permit  bottom  pouring  is  some- 
times used.  These  secondary  ladles  have  a  hole  through 
the  bottom  that  is  from  1  inch  to  1^  inches  in  diameter, 
according  to  the  speed  of  pouring  desired.  The  hole  is 
stopped  with  an  iron  plug  that  is  coated  with  clay  or  graphite, 
and  which  is  so  arranged  that  It  can  be  pulled  out  when 
desired,  thus  permitting  the  flow  of  the  metal  through 
the  bottom  of  the  ladle.  This  bottom  hole  should  be  con- 
nected as  closely  as  possible  with  the  pouring  gate  of 
the  mold,  for  if  this  is  not  done,  the  metal  may  be  suffi- 
ciently exposed  to  the  air  in  its  passage  to  the  gate  to  absorb 
as  much  oxygen  as  though  no  secondary  pot  had  been  used. 
Even  with  such  a  device  closely  connected  to  the  pouring 
gate,  it  is  impossible  to  prevent  copper  and  some  bronzes 
from  absorbing  some  oxygen  from  the  air  in  the  mold. 
While  it  is  true  that  this  device  does  not  wholly  prevent 
the  absorption  of  oxygen,  there  are  times  when  its  use  will 
produce  results  that  will  justify  its  adoption. 

25.  Precautions  In  Melting  Brass.— The  best  fuels 
for  melting  copper  are  charcoal  and  coke,  the  former  being 
given  the  preference  when  the  best  results  are  desired.  In 
melting  the  copper,  care  should  be  taken  not  to  raise  the 
temperature  any  higher  than  is  necessary;  this  may  be 
determined  by  the  metals  with  which  it  is  alloyed,  or  it  may 
be  determined  by  running  the  molten  metal  into  the  thin 
portions  and  corners  of  the  castings.  The  higher  the  tem- 
perature is  raised  when  melting,  the  more  oxide  and  gases 
will  be  formed;  if  the  temperature  be  great  enough  to 
obtain  a  white,  or  boiling,  heat,  it  may  be  impossible  to  pro- 
duce sound  castings,  and,  in  addition,  the  castings  will  be 
very  brittle.  When  molten  copper  has  been  overheated,  it 
may  be  brought  again  to  a  proper  condition  by  adding  tin 
or  phosphorus  to  it.  The  greater  the  amount  of  phosphorus 
or  tin  that  is  added,  the  more  sound  are  the  castings  likely 
to  be. 
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26.     Buying  Copper. — Copper,  like  pig  iron,  should  be 

bought  on  analysis,  so  that  its  constituents  may  be  known  to 
the  desired  degree  of  accuracy.  It  can  be  purchased  on  a 
guarantee  that  it  contains  99.6  per  cent,  pure  copper  and  is 
entirely  free  from  sulphur.  If  it  comes  in  ingot  form,  the 
manufacturer's  name  should  be  cast  on  each  ingot.  The 
ingot  should  have  a  concave  face  on  the  side  that  was  cast 
uppermost,  as  this  shows  the  amount  of  shrinkage  likely  to 
occur  from  its  use.  In  obtaining  an  analysis  of  a  shipment 
of  copper,  drillings  are  taken  from  ingots  selected  from 
equal  divisions  of  the  shipment,  after  the  manner  used  in 
obtaining  analyses  of  iron. 


DBOXIDIZINO  MBTALB. 

27.  Silicon. — It  is  beneficial  to  both  the  strength  and 

homogeneity  of  copper,  brass,  and  bronze  castings  to  remove 
as  much  of  the  oxides  or  occluded  gases  arising  from  the 
absorption  of  oxygen  as  is  possible.  For  this  purpose  an 
alloy  of  copper  that  contains  from  3  to  5  parts  of  silicon  and 
from  90  to  95  parts  of  copper  is  often  used.  The  usefulness 
of  this  mixture  is  due  to  the  oxygen  having  a  greater  affinity 
for  the  silicon  than  for  the  copper;  hence  the  oxygen  in  the 
metal  unites  with  the  silicon  and  forms  a  silicate  that  rises 
to  the  surface  and  can  be  skimmed  off.  The  addition  of  from 
1  pound  to  1|  pounds  of  this  alloy  to  100  pounds  of  copper  is 
said  to  produce  sound  copper  castings;  if  this  is  not  done, 
the  founder  may  often  experience  much  trouble  from  blow- 
holes, which  are  due  to  the  occluded  gases. 

In  adding  silicon  care  must  be  taken  to  add  it  in  such 
small  quantities  that  none  will  be  left  after  the  oxides  are 
fluxed  off.  When  added  to  the  molten  metal,  the  mass 
should  be  well  stirred  with  a  rod  in  order  to  bring  as  much 
as  possible  of  the  copper  in  contact  with  the  flux.  This  is 
practically  a  refining  process. 

28.  Stirring  tbe  Copper.  — One  method  for  deoxidi- 
zing  melted  copper  is  to  stir  the  copper  slowly  and  steadily 
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with  a  stick  of  unseasoned  hard  wood,  from  IJ  to  2  inches 
thick,  until  a  sample  of  the  copper  will  show,  on  cooling,  a 
small  shrink  hole  of  a  brownish  color  in  its  center;  the  stir- 
ring is  then  continued  (taking  care  not  to  allow  the  temper- 
ature of  the  metal  to  rise)  for  a  few  minutes  until  a  sample 
taken  will  cool  with  a  level  surface,  without  showing  either 
any  shrink  hole  or  any  elevation  in  the  center;  the  metal  is 
then  ready  to  be  poured.  Should  the  stirring  be  continued 
much  longer,  the  metal  will  revert  to  its  former  condition 
because  of  the  occluded  gases.  While  the  metal  is  being 
stirred,  it  should  be  kept  covered  with  powdered  charcoal, 
or  some  other  means,  to  keep  it  from  contact  with  the  air. 
This  plan  has  resulted  in  obtaining  solid  castings  from  pure 
copper. 

29.  PhosphoruB  is  also  introduced  into  the  metal  as  a 
deoxidizing  agent ;  it  is  beneficial,  since  the  oxygen  will  com- 
bine with  it  and  pass  off  as  an  oxide  of  phosphorus  in  the 
form  of  a  yellowish- white  Smoke.  Phosphorus  may  be 
obtained  from  druggists  in  the  form  of  sticks  about  the 
size  of  a  finger,  which  weigh  about  2  ounces  each.  A  half 
dozen  or  more  are  put  up  in  a  can  or  bottle  that  is  then  filled 
with  water  and  sealed  or  stoppered,  since  the  phosphorus  will 
ignite  at  111"  F.  and  will  take  fire  of  its  own  accord  if  left 
exposed  to  the  air. 

As  the  phosphorus  will  take  fire  in  a  few  seconds  in  the 
hand,  if  it  were  removed  from  the  water  in  that  way,  thus 
causmg  a  painful  burn,  means  must  be  provided  for  immer- 
sing it  in  the  molten  metal.  One  way  to  accomplish  this  is  to 
insert  the  phosphorus  in  a  tube  made  of  clay  or  graphite, 
having  a  |-inch  hole  extending  through  it.  This  tube  is 
attached  to  the  end  of  a  metal  rod,  and  the  sticks  of  phos- 
phorus are  held  in  the  tube  by  means  of  some  strips  of  tin 
or  copper  that  are  fastened  over  the  end.  The  tube  is 
immersed  in  the  molten  metal  and  held  there  until  the 
phosphorus  is  absorbed. 

Another  plan  is  to  use  an  iron  receptacle  a,  shown  in 
Fig.  12,  with  a  handle  I/.     Several  sticks  of  phosphorus  are 
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inserted  into  the  chamber  c,  and  kept  there  until  they  are 
dry  and  show  signs  of  catching  fire,  after  which  the  holder 
is  tilted  gently  and 
lowered  into  the 
molten  metal,  where  it 
is  held  until  the  phos- 
phorus has  been  ab- 
sorbed. 

In    order   that   the 
phosphorus    may    be 
safely  handled  and  in- 
*'"'■  "■  serted   in   the   molten 

metal,  some  founders  prepare  it  by  placing  the  sticks  in  a 
dilute  solution  of  sulphate  of  copper  for  about  30  minutes. 
This  deposits  a  coating  of  copper  on  the  sticks,  when  they 
may  be  safely  handled  as  long  as  this  coating  is  sound.  The 
sulphate-of -copper  solution  may  be  held  in  a  stone  jar,  and 
when  the  sticks  are  taken  out  they  may  be  placed  on  blotting 
paper  that  rests  on  wire  netting,  the  netting  being  supported 
in  a  pan  that  is  about 
6  inches  deep  and  con- 
tains about  3  inches 
of  water.  The  pan 
should  be  provided 
with  an  air-tight 
cover,  to  be  used  in 
case  the  phosphorus 
should  take  fire.  See 
Fig.  13. 

By  handling  phos- 
phorus quickly  with 
the  hands,  and  intro- 
ducing it  into  the  P"^-  '»■ 
metal  with  a  shovel  or  a  pair  of  tongs,  it  may  be  added  with- 
out using  the  iron  receptacle  shown  in  Fig.  13.  But  if  added 
in  this  way,  much  of  the  phosphorus  will  t>e  oxidized  and  lost. 
30.  Aluminum  in  a  pure  state  alloyed  with  copper  in 
the  proportions  of  from  one-sixth  to  one-tenth  is  used  as  4  ■ 


^aovGoOt^lc 


g  54  BRASS   FOUNDING.  35 

deoxidizing  agent.  It  makes  a  good  deoxidizing  agent  and 
greatly  increases  the  strength  of  the  castings,  but  has  the 
disadvantage  of  increasing  the  shrinkage  to  such  an  extent 
as  to  make  it  almost  impossible  to  get  solid  castings  when 
the  metal  contains  10  to  11  per  cent,  of  aluminum.  Alumi- 
num has  an  additional  disadvantage  in  that  it  oxidizes  when 
in  contact  with  the  air,  forming  a  thin  film  of  aluminum 
oxide  on  the  surface  of  the  molten  metal,  which  may  spoil 
the  casting  if  permitted  to  pass  into  the  mold.  This  film 
forms  so  rapidly  that  it  can  be  seen  forming  on  a  clean 
stream  of  the  molten  metal  as  soon  as  it  leaves  the  lip  of 
the  crucible. 

Aluminum  alloys  with  zinc,  and  when  the  mixture  of 
copper,  zinc,  and  aluminum  contains  3  per  cent,  or  less 
of  aluminum,  strong  brass  castings  can  be  made  from  it. 
tt  is  difficult  to  obtain  solid  castings  when  the  aluminum  is 
over  3  per  cent. 

When  a  small  amount  of  aluminum  is  found  to  give  good 
results  in  brass  castings,  a  good  way  to  introduce  it  into  the 
copper  is  in  the  form  of  aluminum  zinc,  which  contains 
90  parts  zinc  and  10  parts  aluminum. 


ALLOYS   AND    MIXTURES. 


COPPER  ANO  TIN  ALLOVS. 

31 .  Effects  of  AIloylQE  Copper  With  Tla.— Cop- 
per and  tin  have  a  great  affinity  for  each  other,  and  mix 
thoroughly  in  nearly  all  proportions.  Tin  is  a  soft,  white 
metal  and  melts  at  about  440°  F. ;  but,  while  both  tin  and 
copper  are  soft  metals,  their  alloys  are  harder  than  the 
metals  themselves.  One  part  of  tin  will  combine  with 
3  parts  of  copper  in  so  homogeneous  a  manner  that  each 
metal  will  lose  its  identity,  giving  a  compound  that  is  gray 
in  color  and  very  hard  and  brittle.  Tin  greatly  increases  the 
fluidity  of  molten  copper;  the  tensile  strength  of  copper 
increases  by  the  addition  of  tin  from  1  to  12  per  cent. ;  the 
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ductility  of  copper  is  decreased  by  the  addition  of  tin;  the 
ability  of  copper  to  resist  crushing  increases  up  to  the  addi- 
tion of  18  per  cent,  of  tin,  but  beyond  this  percentage  of  tin 
the  alloy  becomes  hard  and  brittle, 

32.     Gun  Metal. — Alloys  containing  from   1  to  7  per 

cent,  of  tin  turn  a  beautiful  brown  color  when  finished. 
The  alloy  known  as  (Eun  metal  consists  of  copper  and 
from  8  per  cent,  of  tin  in  the  soft  grades  to  20  per  cent,  in 
the  hard  grades.  Gun  metal  is  so  greatly  weakened  by  heat 
that  the  tensile  strength  at  600"  F.  is  less  than  two-thirds  that 
at  ordinary  atmospheric  temperatures.  The  best  gun  metal 
has  from  8  to  10  per  cent,  of  tin  alloyed  with  the  copper. 

Tin  is  supplied  to  the  trade  in  pig/ir  bar  form,  and  is 
added  to  the  copper  by  melting  each  metal  separately  or  by 
adding  the  tin  while  the  copper  is  in  the  furnace  or  after  the 
crucible  has  been  lifted  from  the  furnace.  There  are  two 
grades  of  tin,  one  called  grain  tin  and  the  other  block  tin; 
the  former,  being  the  purer  metal,  is  used  in  producing  the 
best  grades  of  bronze. 

Some  founders,  using  tin  in  the  pig  or  block  form,  add  it 
to  the  molten  copper  by  holding  the  end  of  the  block  in  the 
molten  metal  until  a  sufficient  amount  has  melted  off,  the  pig 
having  previously  been  marked  at  the  place  that  will  give 
the  proper  weight.  Others  cut  off  pieces  and  immerse  them 
separately.  Some  first  melt  the  tin  and  cast  it  into  small 
slabs  or  rolls  of  convenient  size.  When  the  tin  is  bought  in 
the  bar  form,  it  is  handled  much  more  easily  than  otherwise. 

When  melting  tin  in  a  crucible,  it  must  be  watched,  and 
removed  from  the  fire  as  soon  as  it  is  melted;  otherwise, 
the  fumes,  if  exposed  to  the  air,  will  catch  fire  and  burn 
with  a  bright,  white  light. 

AfCeii  tin  has  been  added  to  melted  copper,  the  mass 
should  be  thoroughly  stirred.  This  may  be  done  with  a  rod 
made  of  plumbago  or  an  iron  rod  heavily  coated  with  graphite. 
The  rod  should  be  used  around  the  sides  and  bottom  of  the 
crucible  as  well  as  at  the  middle,  so  as  to  thoroughly  agitate 
the  whole  mass. 
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Every   alloy   of 

C  +  T    increases 
the  corrosive 
action     of    sea- 
water  on  cast  iron 
in  their  presence. 
The      maximum 
increase  is  due  to 
tia. 

1 

i 

Well  known. 
Gun  metal,  etc. 
Gun  metal,  etc. 
Gun  metal  and  bronze. 
Hard  mill  brasses,  etc. 
Brittle       1    All  these  alloys 
Brittle           found    occasion- 
Crumbles  tally  in  bells  with 
Crumbles      mixtures  of  linc 
Brittle       J  and  lead. 
Small  bells,  brittle. 
Small  bells,  brittle. 
Speculum  metal  of  authors. 
Speculum  files,  tough. 
Speculum  tiles,  softand  tough. 
Well  known. 
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33.  Chemical  and  Physical  Properties  of  the 
Alloys  of  Copper  aad  Tin. — Table  II  gives  the  com^- 
sition  and  physical  properties  of  a  number  of  alloys  of  copper 
and'tin.  The  metals  were  alloyed  in  proportion  according 
to  their  atomic  weights,  as  shown  in  the  first  column,  and 
hence  the  percentages  in  column  3  are  not  expressed  in  even 
figures.  

COPPER  AND  ZINC  ALLOVS. 

34.  Zinc  is  a  bluish-white  metal  that  possesses  little 
strength.  It  will  take  fire  in  the  air  if  heated  above  760°  F. , 
and  in  burning  emits  a  greenish-white  flame  and  fumes  that 
form  oxide  of  zinc.  It  may  be  mixed  with  copper  up  to 
35  or  40  per  cent,  without  having  much  effect  upon  the 
malleability  and  ductility  bf  the  alloy,  but  further  additions 
of  zinc  cause  the  mixture  to  become  brittle ;  for  instance, 
an  alloy  containing  2  parts  of  zinc  to  1  part  of  copper  is  so 
brittle  that  it  may  be  readily  crushed  in  a  mortar. 

35<  Brass  and  Bronze. — When  zinc  is  alloyed  with 
copper  without  other  metals,  it  gives  the  mixture  called 
brass ;  while  tin  alloyed  with  copper,  gives  bronze.  When 
the  mixture  is  composed  of  66  parts  copper  and  34  parts 
zinc,  we  have  the  alloy  commonly  used  for  brass  castings; 
although,  from  3  to  4  per  cent,  of  tin  is  often  added,  as  it 
gives  greater  strength  to  the  castings. 

Zinc  gives  fluidity  to  the  alloys  and  is  an  excellent  deoxi- 
dizing agent  for  the  copper,  assisting  in  obtaining  sound 
castings.  When  a  high  percentage  is  used,  however,  to  give 
extra  fluidity  to  brass  that  is  to  be  used  in  making  thin 
castings,  care  must  be  taken  that  the  metal  is  not  poured 
when  it  is  too  hot,  else  it  may  boil  or  kick  out  of  the  mold. 

In  making  brass  castings,  a  good  color  is  one  of  the  features 
desired.  A  mixture  that  gives  good  results  for  this  purpose 
consists  of  16  parts  of  copper  and  from  |  to  1  part  each  of 
tin,  zinc,  and  lead.  If  this  mixture  is  poured  into  molds 
made  from  a  fine  grade  of  sand,  very  fine  light  castings 
having  a  good  color  may  be  obtained. 
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All  these   al- 
loys increase 
the  corrosion  of 
cast  iron  in  sea- 
water   when  in 
their  presence. 

All  these  al- 
loys   decrease 
the  corrosion  of 
cast  iron  in  sea- 
water  when  in 
their  presence. 
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Reddish  yellow.  I 
Reddish  yellow,  a 
Reddish  yellow,  3 
Reddish  yellow,  4 
Yellowish  red,    3 
Yellowish  red.    a 
Yellowish  red,     i 
Pale  yellow. 
Full  yellow,         i 
Full  yellow,        a 
Deep  yellow. 
Silver  white,        i 
Silver  white,       a 
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Ash  gray,            3 
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Silver  gray,         i 
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36.  Alloylas  Copper  With  Ziac. —  In  adding  zinc 
to  copper,  it  may,  when  added  in  small  quantities,  be  inserted 
in  the  molten  copper  by  means  of  a  pair  of  tongs,  when  it 
will  be  thoroughly  melted  by  the  heat  of  the  copper;  in  the 
case  of  adding  a  large  quantity,  it  should  be  melted  along 
with  the  copper,  by  being  charged  into  the  crucible  as  soon 
as  the  copper  commences  to  melt.  It  may  also  be  melted 
separately  and  poured  into  the  copper  through  a  hole  made 
for  the  purpose  through  the  charcoal  covering  over  the  cop- 
per or  through  a  hole  in  an  iron  cover;  such  a  cover  is  the 
best  thing  to  use  to  prevent  oxidation.  If  the  metal  is  not 
kept  covered,  the  zinc  will  volatilize  rapidly,  causing  a 
vapor  that,  in  burning,  creates  an  oxide  that  settles  around 
the  shop  in  the  form  of  flakes.  Where  tin  is  added  to  the 
copper,  it  is  put  in  immediately  after  the  zinc. 

As  zinc  costs  but  from  one-fourth  to  one-third  as  much  as 
copper  or  tin,  it  is  used  in  commercial  work  whenever  the 
castings  made  from  it  will  answer  the  purpose. 

Table  III  gives  the  composition  and  the  physical  properties 
of  alloys  of  copper  and  zinc 


LEAD  AND  COPPER  ALLOYS. 

37.  E-cad. — The  specific  gravity  of  lead  is  11.35,  and 
it  melts  at  612°  F.  The  addition  of  lead  to  brass  or  bronze 
castings  decreases  their  strength  and  changes  their  color, 
and  also  makes  them  corrode  more  easily.  Lead  and  copper 
have  little  afSnity  for  each  other,  and  will  only  mix  in  a 
satisfactory  manner  when  the  lead  does  not  exceed  about 
3  per  cent.  It  will  scarcely  combine  with  zinc,  and  a  com- 
bination of  them  is  only  made  by  adding  a  small  percentage 
of  arsenic.  However,  lead  will  assist  in  giving  the  castings 
a  smooth  surface,  as  it  forms  an  oxide  of  lead  on  the  surface 
that  prevents  the  molten  metal  taking  too  sharply  the 
impression  of  the  sand.  A  .small  amount  of  lead  is  added 
to  brass  castings  to  facihtate  the  work  to  be  done  on  them 
in  the  machine  shop. 
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Lead  is  used  a  great  deal  in  the  manufacture  of  Babbitt 
vtetal,  which  is  used  in  the  construction  of  bearings  for  the 
journals  of  shafts  and  spindles;  some  castings  of  this  char- 
acter contain  as  much  as  10  per  cent,  of  it  in  mixture  with 
copper  and  tin,  no  zinc  being  used.  It  is  added  to  the 
copper  in  the  same  manner  as  zinc  or  tin.  As  it  is  much 
cheaper  than  copper,  zinc,  or  tin,  it  is  used  as  much  as  pos- 
sible by  some  founders.  An  excess  of  it  is  readily  detected 
by  the  color  and  the  lack  of  homogeneity  shown  when  the 
casting  is  broken. 

Lead  is  used  for  other  alloys  than  bronze  and  brass;  it  is 
alloyed  with  antimony  for  making  type  metal,  with  bismuth 
for  fusible  alloys,  and  with  arsenic  for  making  shot. 


MANGANESE   IN   ALLOTS. 

38*  Maneanese  has  a  specific  gravity  of  about  7.5. 
It  is  of  a  whitish-gray  color,  of  high  metallic  luster,  and  is 
sufficiently  hard  to  scratch  glass.  It  is  alloyed  with  iron 
and  copper — in  iron  as  ferromanganese  and  with  copper  as 
manganese  copper,  which  is  its  best  form  for  the  use  of  brass 
founders,  as  in  the  form  of  ferromanganese  it  introduces  the 
iron  into  the  alloys  of  brass,  much  to  their  injury.  An  alloy 
of  about  70  parts  of  copper  to  30  parts  of  manganese  is  on 
the  market,  and  is  used  in  copper  mixtures  to  give  manga- 
nese alloys  a  range  in  manganese  from  a  trace  up  to  5  per 
cent.  It  can  be  mixed  with  copper  to  give  a  metal  that  may 
be  forged.  It  is  said  to  give  good  bearing  and  journal  cast- 
ings, and  is  used  extensively  in  casting  propeller  wheels, 
both  on  account  of  its  strength  and  ductility.  Propeller 
wheels  made  of  this  metal  are  made  thinner  than  is  permis- 
sible with  other  raetals,  because,  if  bent,  they  may  be 
straightened  again;  although  it  is  better  to  cast  them  so 
thick  that  they  will  retain  their  shape  when  they  strike  an 
obstacle  when  in  action. 

Manganese  bronze  does  not  corrode  easily,  and  for  this 
reason  is  used  in  the  form  of  sheets  for  mining  screens,  since 
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the  acid  mine  waters  have  no  effect  on  it.  It  weakens 
somewhat,  however,  when  heated,  and  has  a  greater  per- 
centage of  shrinkage  than  gun  metal. 

A  mixture  found  to  work  well  in  journals  and  similar 
castings  is  as  follows:  Copper,  40  parts;  tin,  3^  parts;  zinc, 
8J  parts;  and  manganese,  2J  parts.  Another  mixture  suit- 
able for  propellers,  gear-wheels,  and  heavy  machinery  is: 
copper,  54  parts;  zinc,  40  parts;  tin,  3 J  parts;  and  manga- 
nese, 3j  parts.  To  make  metal  suitable  for  the  sheets  of 
mining  screens,  more  copper  and  manganese  and  less  zinc 
are  required.  When  the  alloy  is  very  high  in  manganese,  it 
may  require  chilled  molds  for  casting;  whereas  with  less 
manganese,  the  castings  can  be  made  in  sand  molds. 

To  make  a  metal  that  resembles  German  silver,  and  that 
has  high  electrical  resistance,  the  following  mixture  may 
be  used:  Copper,  G?j^  parts;  manganese,  18|  parts;  zinc, 
18  [larts;  and  aluminum,  1^  parts. 


BIBMCTH  IN  AIXOVS. 

39.  Bismuth.— The  specific  gravity  of  bUmutta  is  9.8, 
and  it  melts  at  about  500°  F.,  but  as  an  ingredient  in  alloy 
with  other  metals,  the  melting  point  is  lower,  one  form  of 
solder  containing  bismuth  melting  at  212°  F.  It  is  very 
brittle,  a  little  harder  than  lead,  and  has  a  yellowish-white 
color.  As  sold  commercially  bismuth  is  not  pure,  containing 
iron  and  arsenic.  It  possesses  the  peculiar  property  of 
expanding  while  cooling,  which  makes  it  very  valuable  in 
connection  with  some  forms  of  castings,  especially  printers' 
type. 

When  alloys  having  bismuth  as  a  constituent  are  used  in 
casting,  the  castings  should  be  cooled  as  rapidly  as  practica- 
ble, as  otherwise  the  bismuth  may  separate  from  the  other 
metals  and  weaken  the  castings. 

Mr.  Erwin  S,  Sperry  concludes,  as  the  result  of  five 
experiments  on  alloys  having  about  60  parts  of  copper, 
40  parts  of  zinc,  and  bismuth  that  varied  from  .5  to  .0%  of 
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1  part,  that  bismuth  causes  brass  to  be  cold  short  and  hot 
short,  and  to  have  both  visible  and  latent  fire-cracks;  also, 
that  high  brass  for  cold  rolling  should  not  contain  over 
.01  per  cent,  of  bismuth.  It  is  not  known  whether  Mr. 
Sperry  knew  that  it  was  essential  that  castings  containing 
bismuth  should  be  rapidly  cooled,  which  is  important  in 
remedying  the  defects  to  which  he  refers.  If  he  did  cool  his 
castings  rapidly  and  then  got  those  results,  it  would  indicate 
that  bismuth  was  not  a  desirable  material  to  mix  with  brass. 


AKTIMONT  AND  BABBIXT  METAIA. 

40>  Aatlmoay  is  a  metal  having  a  brilliant  silvery-white 
color.  Its  specific  gravity  is  6.7,  and  it  melts  at  830°  F. 
At  common  temperatures  it  does  not  oxidize.  It  unites 
with  sodium,  potassium,  and  lead,  forming  with  them  a 
more  homogeneous  mixture  than  does  any  other  metal.  In 
alloy  with  other  metals,  it  hardens  and  whitens  them,  and 
the  alloy  contracts  very  little  while  cooling.  For  these  rea- 
sons it  is  an  excellent  metal  to  use  in  making  printers'  type 
and  plates.  It  is  used  for  type  metal,  in  the  manufacture 
of  pewter  articles,  antifriction  alloys,  etc.  In  the  manu- 
facture of  type  metal,  1  part  of  antimony  is  used  to  4  parts 
of  lead,  and  for  stereotyping  plates  there  is  added  to  this 
3>f  t^o  Vr  P**"*  **^  '■"■ 

A  very  hard  pewter  is  made  from  8  parts  of  antimony, 
3  parts  of  copper,  and  96  parts  of  tin.  By  increasing  the 
copper,  a  softer  pewter  can  be  made.  In  making  Britannia 
metal,  8  parts  of  antimony,  %  of  bismuth,  2  of  copper,  and 
100  parts  of  tin  are  melted  together. 

41.  Babbitt  metal  was  named  from  the  inventor  of 
the  journal-box  in  which  antifriction  metal  was  first  used. 
Its  original  composition,  so  far  as  known,  was  89.3  per  cent, 
of  tin,  7.1  per  cent,  of  antimony,  and  3.6  per  cent,  of 
copper.  It  is  claimed  by  some  writers  that  the  original 
composition  was  83.3  per  cent,  of  tin,  8.3  per  cent,  of  anti- 
mony, and  8.4  per  cent,  of  copper. 
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Babbitt  metal  is  made  that  varies  considerably  in  the 
amounts  of  the  various  constituents,  as  tin,  copper,  anti- 
mony, bismuth,  zinc,  and  iead,  in  order  to  make  the  metal 
suitable  for  the  various  conditions  of  bearings,  weight,  and 
speed  of  rotation  of  the  shafts  and  spindles  for  which  it  is 
used. 

Antimony  is  used  largely  in  the  composition  of  the  best 
grades  of  Babbitt  metal;  these  are  made  with  tin  as  the 
principal  constituent,  the  ones  next  in  importance  being 
antimony,  and  a  small  percentage  of  copper;  no  lead  is  used 
in  what  is  termed  the  genuine  Babbitt  metal.  Antimony 
gives  hardness  to  the  Babbitt,  while  the  tin  gives  the  antifric- 
tion qualities.  Owing  to  the  difference  in  the  cost  of  lead 
and  tin,  there  is  a  temptation  to  adulterate  with  lead.  The 
grades  having  lead  as  a  constituent  should  not  be  used  in 
bearings  that  support  heavy  loads  or  have  great  friction. 
The  addition  of  lead  to  Babbitt  metal  may  be  determined  by 
rubbing  the  metal  on  paper;  if  lead  is  present,  it  will  leave 
a  mark  somewhat  similar  to  that  made  by  a  lead  pencil. 

Among  the  soft  metals  in  use,  it  is  claimed  that  none  of 
them  has  greater  antifriction  properties  than  lead;  but  on 
account  of  the.  impracticability  of  keeping  it  in  the  journal- 
boxes,  it  cannot  be  used  in  the  pure  state. 

Lead  and  antimony  have  the  property  of  combining  with 
each  other  without  impairing  their  antifriction  quality. 
The  following  mixture  of  them  is  said  to  be  excellent  for 
light,  high-speed  machinery:  SO  parts  of  lead,  by  weight, 
mixed  with  20  parts  of  antimony.  In  using  it,  however,  it 
must  never  be  heated  sufficiently  to  scorch  a  splinter  of  dry 
pine. 

In  making  Babbitt  metal,  the  copper  is  first  melted  and 
the  antimony  added,  and  then  about  10  or  15  pounds  of  tin, 
the  whole  being  kept  at  a  dull-red  heat  and  constantly  stirred 
until  the  metals  are  thoroughly  mixed,  after  which  the  bal- 
ance of  the  tin  is  added,  and  after  being  thoroughly  stirred 
it  is  cast  into  ingots.  In  melting  the  alloy  to  pour  it  into 
journal-boxes,  it  should  be  kept  carefully  covered  with  char- 
coal to  prevent  the  antimony  from  vaporizing.     This  metal 
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TABLE  IV. 


COMPOSITION    OP   BBARING    MRTAI.S. 


Cametia  metal . , , , 

Antifriction  metal 

White  metal 

Car  brass  lining 

Salgee  antifriction 

Graphite  bearing  metal 

Antimonial  lead , 

Carbon  bronze 

Cornish  bronze 

Delta  metal 

American   antifriction 

metal 

Tobin  bronze 

Graney  bronze 

Damascus  bronze .... 
Manganese  bronze. . , 

Aj'ax  metal 

Antifriction  metal. . 
Harrington  bronze.. 

Car-box  metal 

Hard  lead 

Phosphor-bronze. . . . 
Ex.  B.  metal 


4-2S 
98.1 


75-47 
77-83 
92-39 


59.00 

75.80 
76.41 
90.52 


Anti- 


16-73 
18.83 


1.67 
;   Trace 


(?)  (0 

Trace  (3I 
.07 


(4) 


(5) 

(6) 


Other  Constituents. 


(1)  No  graphite. 

(2)  Possible  trace  of  carbon. 
(8)    Trace  of  phosphorus. 


(4)  No  manganese. 
(6)  Phosphorus,  .M. 
(6)    Phosphorus,  .3a 
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when  carefully  prepared  is  probably  one  of  the  best  in  use  for 
lining;  boxes  that  are  subjected  to  a  heavy  weight  and  wear. 

42.  Composition  of  BearlOE  Metalit. — Table  IV 
gives  the  constituents  of  the  most  prominent  of  the  bearing 
metals,  as  analyzed  in  the  Pennsylvania  Railroad  laboratory 
at  Altoona,  Pennsylvania. 


PHOSPHORUS  AND  PHOSPHOR-BBONZB. 

43.  Phosphorus  is  a  soft,  translucent,  colorless  solid 
of  a  waxy  consistency,  having  a  specific  gravity,  when  solid, 
of  1.83,  and  a  melting  point  of  111"  F.  It  increases  the 
fluidity  of  some  alloys,  and  increases  the  strength  and  duc- 
tility of  the  castings  made  from  them.  It  is  an  excellent 
flux  to  use  with  copper  because  of  its  deoxidizing  properties. 
It  is  the  best  agent  known  for  reducing  the  shrinkage  of  the 
brass  alloys,  but  when  poured  hot,  it  causes  the  metal  to  eat 
into  the  face  of  the  mold,  and  so  produces  rough  castings; 
for  this  reason  the  best  results  are  secured  with  some  phos- 
phor-bronze castings  when  they  are  made  in  dry-sand 
molds. 

Phosphorus  reduces  the  strength  of  castings  that  are  sub- 
jected to  high  temperatures,  and  will  cause  them  to  crack 
readily.  It  is  alloyed  with  bronze  in  amounts  that  range 
from  a  few  hundredths  of  1  per  cent,  to  3  per  cent. ;  but  it 
does  not  always  combine  thoroughly  with  these  bronze  mix- 
tures, and  may  cause  hard  spots  .in  the  castings.  It  is  best 
added  to  alloys  of  copper,  tin,  and  lead  in  the  form  of  phos- 
phor-copper, which  is  copper  containing  from  4  to  6  per 
cent,  of  phosphorus,  and  which  is  made  by  melting  copper 
in  a  crucible  and  adding  the  phosphorns  in  the  manner 
already  described.  Phosphor-tin  is  made  by  melting  the 
tin  separately  and  adding  the  phosphorus  in  the  same  way 
as  for  making  the  phosphor-copper. 

Where  the  quantity  of  metal  to  be  cast  is  small  and  does 
not  warrant  the  making  of  the  phosphor -cop  per  or  phosphor- 
tin,  the  phosphorus  may  be  added  to  the  alloy  in  the  stick 
form,  as  already  described. 
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44.  Mixtures  for  Pbosphor-Bronze  Bearing 
Metals. — Table  V  gives  the  composition  of  the  phosphor- 
bronze  used  by  three  of  the  prominent  railroad  companies 
of  the  United  States. 

TABLB  V. 


Number  of 

Mixture. 

Copper. 
Per  Cent. 

Lead. 
Per  Cent. 

Tin. 
Per  Cent. 

Phosphorus, 
Per  Cent. 

3 

79.0 
79-7 
79-7 

10. 0 
9-5 
10. 0 

lO 

10 

.8 
■3 

8CBAP  METAL  FOB  BRASS  AND  BRONZB  CASTINGS. 

45.  In  the  discussion  of  alloys,  it  has  been  so  far 
assumed  that  new  metal  was  used.  As  a  rule,  howeviri, 
brass  founders  use  more  or  less  scrap  metal,  and  many  use 
scrap  entirely,  adding  copper  or  lead  to  soften  the  mixtures, 
and  tin  or  antimony  to  harden  them;  zinc  is  often  used  as 
an  intermediate  metal  to  change  them  slightly,  vary  the 
color,  increase  the  fluidity,  and  to  act  as  a  flux.  Further- 
more, phosphorus  and  lead  are  used  to  give  the  peculiar 
qualities  that  they  impart.  In  using  all  scrap  metal,  foun- 
ders mix  the  scrap  in  such  proportions  as  to  regulate  the 
color,  degree  of  hardness,  etc.  that  they  wish  to  obtain, 
and  so  save  the  expense  of  new  metal. 

46.  Grading;  Scrap  Brass. — Scrap  brass  is  graded 
by  the  color  of  its  fracture,  and  is  known  as  yellow,  red,  or 
white  brass.  The  yellow  brass  is  the  most  difficult  to  sort 
as  to  quality,  as  it  may  have  any  of  the  properties  of  the 
others,  and,  hence,  is  best  used  in  small  quantities  in  con- 
junction with  the  other  varieties. 
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When  the  scrap  has  a  red  dish -colored  fracture,  it  is  gen- 
erally an  indication  that  it  is  rich  in  copper,  and  is  a  soft 
metal;  if  it  has  a  light-colored  fracture,  it  is  assumed  that  it 
is  rich  in  tin  or  antimony,  or  both,  and  is  hard.  By  taking 
equal  parts  of  each  of  these  alloys  and  mixing  them  with 
from  one-fourth  to  one-half  of  good  copper,  using  a  small 
quantity  of  lead  in  the  molten  metal  to  act  as  a  flux,  an 
excellent  metal  for  journals  and  thick  machinery  castings  is 
obtained. 

When  putting  the  lead  in  as  a  flux,  the  molten  metal 
should  be  thoroughly  stirred  with  a  rod  around  the  sides  of 
the  crucible ;  in  fact,  this  should  be  done  with  all  scrap  mix- 
tures, as  well  as  with  new  metal,  as  it  assists  in  bringing  the 
oxides  and  occluded  gases  to  the  surface,  where  they  may  be 
removed  or  will  pass  into  the  air.  In  skimming  the  oxides, 
it  is  well  to  remember  Chat  new  surfaces  are  being  exposed  to 
the  air  to  form  more  oxides,  and  that  the  sooner  the  metal  is 
poured  after  being  skimmed,  the  better  is  the  chance  of  get- 
ting clean,  sound  castings. 

47.  Using  Brass  Borlnes  and  Turnlnes. — Where 
the  brass  foundries  are  operated  in  connection  with  machine 
shops,  there  are  usually  quantities  of  borings  and  turnings 
from  the  shop  to  be  used  in  the  foundry.  In  such  cases  the 
borings,  etc.  are  packed  in  a  crucible  and  melted,  after 
which  solid  scrap  or  new  metal  is  added  and  melted  and 
mixed  with  the  scrap,  the  mixture  then  being  treated  as 
though  only  solid  material  had  been  used.  No  iron  chips 
should  be  introduced  with  the  mixture.  Where  there  are 
iron  filings  and  chips  in  the  mixture,  they  may  be  removed 
by  the  aid  of  a  magnet  or  by  running  the  mixture  through 
a  magnetic  separator. 

48.  Report   on    Journal-BeartnK  Metals. —  In   a 

report  from  a  prominent  railroad  master  mechanic  on  jour- 
nal-bearing metals,  the  advisability  of  making  the  bearings 
entirely  of  new  metal  or  mostly  of  scrap  material,  is  dis- 
cussed as  follows:  "It  is  manifestly  absurd  to  charge  all 
sorts  of  disreputable  scrap  into  a  crucible  and  expect  to  pour 
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out  high-grade  phosphor-bronze.  The  ordinary  run  of  scrap 
available  for  use  in  car  bearings  is  found  to  contain  zinc  and, 
generally,  an  insufficient  amount  of  tin.  The  presence  of 
zinc  in  moderate  quantities  is  not  necessarily  a  serious  detri- 
ment, as  more  or  less  zinc  is  vaporized  off  in  the  melting. 
If  tin  is  lacking,  its  deficiency  should  not  go  unfilled; 
enough  tin  should  be  added  to  form  a  proper  alloy  and  give 
the  metal  fluidity.  Of  course,  tin  is  a  high-priced  metal, 
but  its  moderate  use  is  often  necessary  to  obtain  proper 
results.  As  is  well  illustrated  under  the  microscope,  lead 
does  not  chemically  alloy  with  the  bronze,  but  is  held  in  the 
mixture  mechanically,  very  much  as  water  is  held  in  a 
sponge;  as  much  lead  should  be  added  as  the  alloy  will  hold 
up  or  absorb.  This  is  desirable  for  a  twofold  purpose: 
lead  improves  the  bearing  qualities  of  the  alloy  and  at  the 
same  time  cheapens  the  cost  per  pound.-  One  of  the  most 
troublesome  conditions  encountered  in  the  production  of 
bronze  bearing  metals  is  the  great  affinity  that  oxygen  has 
for  copper  and  its  alloys  in  the  molten  state.  If  care  is  not 
taken  in  excluding  oxygen  from  the  metal,  the  resulting 
bearing  on  being  fractured  will  show  discolored  oxide  spots, 
which  in  a  car  bearing  is  fatal  to  cool  running.  The  oxide, 
being  harder  than  the  unoxidized  portion  of  the  metal,  is  pretty 
certain  to  give  trouble,  for  the  hard  spot,  if  occurring  in  the 
bearing  surface,  is  almost  certain  to  form  the  nucleus  for  a 
'  copper  spot '  and  be  the  cause  of  a  hot  bearing. " 
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HEATING  DEVICES 


FOBGBS 


STATIOMABF    FOBOE8 

1.  Brick  Forge. — A  Jorge  is  an  open  fireplace,  or 
hearth,  with  forced  draft,  arranged  for  heating  iron,  steel, 
and  other  materials.  A  very  serviceable  form  of  brick 
forge  is  shown  in  Pig.  1.  The  hearth  is  usually  rectangular 
in  shape,  and  26  or  28  inches  in  height.  For  ordinary  work, 
the  front  ab  may  be  from  2i  to  3  feet  long,  and  the  side  jf 
from  3  to  4  feet  long.  An  iron  water  trough  6  to  6  inches 
wide  is  often  fastened  along  the  side  b  c.  The  brickwork  is 
usually  built  with  a  space  /  in  the  top,  for  the  fire  and  fuel. 
The  depth  of  this  space  varies  greatly,  according  to  the  work 
and  the  ideas  of  the  workman,  but  it  is  usually  from  4  to 
S  inches;  the  bottom  consists  either  of  brickwork  or  of  an 
iron  plate,  supported  on  bars. 

The  forge  is  usually  provided  with  a  hood  to  catch  the 
smoke  and  lead  it  into  the  stack  or  chimney;  Fig.  1  shows  a 
sheet-iron  conical  hood  attached  to  the  chimney,  but  the  hood 
may  be  square  and  is  sometimes  built  of  brick. 

Where  there  is  plenty  of  room  in  the  smith  shop  and  the 
blast  is  supplied  by  hand  power,  the  brick  forge  is  the  type 
most  frequently  used.  The  advantages  claimed  for  it  are 
that  it  is  little  affected  by  the  moisture  of  the  atmosphere, 
costs  less  for  repairs  than  the  iron  forge,  and  the  form  of  the 
hearth  may  be  quickly  and  easily  changed  to  suit  the  require* 
ments  of  the  various  classes  of  work. 

Cr^yrighltd  b>  /nlmuUiimal  Tixibooi  Company.    EnUnd  al  Slaiuxun'  Hall,  Louden 
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2.  Forge  Tuyferes. — The  bottom  of  the  forge  shown  ia 
Fig.  1  has  a  suitable  opening  cut  in  it,  in  which  is  fitted  a 
tuyfere  Iron  (pronounced  tweer  iron),  sometimes  called  an 
air  chamber,  or  a  wind  box,  for  the  purpose  of  admit* 
ting  air  under  the  fire.  The  bottom  of  the  tuyfere  iron  has 
■n  opening  about  the  same  size  as  the  opening  cut  in  the 


bottom  of  the  forge.     This  opening  is  closed  by  a  valve  oi 
thin  sheet  iron  by  means  of  the  handle  s. 

In  Fig.  2  is  shown  a  section  of  one  form  of  tuyfere  iron 
commonly  used.  It  has  an  opening  /  in  one  side,  and  one  g 
in  its  top.  The  side  opening  is  connected  with  a  pipe 
thcough  which  air  is  supplied  to  the  fire.     The  top  opening 
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is  usually  capped  with  a  nozzle  b,  and  fitted  with  a  valve  c. 
This  valve  is  made  so  that  it  will  admit  air  to  the  fire  and 
permit  the  cinders  to  drop  into  the  bottom  e  of  the  tuyfere 
iron.  Between  heats,  or  when  the  blast  is  shut  off,  the  cinders 
are  dropped  from  the  tuyere  iron  into  a  cinder  pit  by  openine 
the  valve  /,  which  is  hinged  at  h  and  operated  by  the  rod  k. 

The  nozzle  v.  Fig.  I,  and  *.  Fig.  2,  with  the  valve  c  at  the 
top  of  the  tuyfere  iron,  is  called  the  tuyfep©.  The  valve  is 
controlled  by  the  handle  shown  at  k.  Fig.  1.  A  separate 
valve  not  shown  in  Fig.  2,  but  shown  at  /,  Fig.  5,  controls 
the  amount  of  the  opening  for  the  air  supply.     The  top  of 


the  tnyfere  is  osnally  so  placed  that  it  comes  3  or  4  inches 
below  the  level  of  the  top  of  the  brickwork,  abed.  Fig,  1, 
and  from  12  to  15  inches  in  front  of  the  chimney.  The  bot- 
tom of  the  fire  space  is  occasionally  covered  with  clay  hol- 
lowed into  a  cup  shape  around  the  tuyfere.  In  doing  this, 
care  must  be  taken  to  work,  or  temper,  the  clay  to  a  proper 
consistency,  for  the  stiffer  it  is,  the  less  it  will  shrink 
and  crack.  Strong  brine  is  often  used  to  moisten  the 
clay,  as  it  keeps  the  bed  from  burning  out  too  quipkly-  The 
spice  about  the  tuyfere  is  also  sometimes  packed  with  cinders 
to  the  level  of  the  tiiyfere.     Suitable  space  is  provided  in  the 
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forge  bottom  for  the  free  movement  of  the  handles  k  and  s, 
sometimes  by  incasing  them  in  pieces  of  wrought-iron  pipe. 
Fig.  3  shows  another 
common  style  of  tuyfere 
iron  which  is  of  cheaper 
and  simpler  construction 
than  that  shown  in  Fig.  2. 
The  dish-shaped  nozzle  b 
has  a  circular  hole  in  the 
bottom,  below  which  is 
the  valve  c.  By  turning 
the  rod  d,  the  valve  c  is 
brought  into  different  posi- 
tions, thus  increasing  or 
diminishing  the  opening. 
The  blast  enters  through 
the  pipe  j.  The  tube  e  is 
closed  at  the  lower  end  by 
''"'■  ^  the  shutter  /.     When  cin- 

ders have  collected  in  e,  the  shutter  /  is  opened  by  means 
of  the  rod  k  and  the  cinders  dropped  out. 


Pio.t 

3.     CombinRtlon    Forge.  —  Sometimes   a   combination 
brick  and  iron  forge  is  made  by  supporting  a  frame-  of  2-iach 
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or  3-inch  angle  iron,  about  3j  or  4  feet  by  6  feet,  on  angle- 
iron  legs,  as  shown  in  Fig.  4.  The  bottom  is  formed  of 
i"  X  2"  iron  strips,  supporting  a  layer  of  common  red  brick. 
The  tuyfere  iron  is  attached  to  two  of  the  i-mch  iron  strips, 
and  the  bottom  of  the  hearth  is  covered  with  clay  or  cinders. 

4.  Iron  ToTge. — The  iron  forge  is  made  with  a  cast-iron 
bowl  supported  on  legs.  The  tuyfere  iron  is  fastened  in  the 
bottom  of  the  bowl  and  the  air  blast  is  supplied  either  from 
a  stationary  blower,  or  bellows,  or  from  a  small  blower 
secured  to  the  forge.  The  blower  may  be  driven  by  a 
crank,  a  treadle,  or  a  lever  working  with  a  ratchet.  Fig.  5 
shows  an  iron  forge  which  is  suitable  for  either  stationary  or 


portable  use.  It  has  no  hood  to  obstruct  the  handling  of 
the  work.  The  blast  is  supplied  from  a  blast  pipe  or  from  a 
small  portable  blower  mounted  on  a  separate  stand;  a  is  a 
rest  for  the  tongs  or  long  pieces  of  work;  it  is  supported  by 
the  rod  b;  c  is  the  coal  trough  and  d  the  water  trough;  e  is 
the  top  of  the  tuyfere;  /  is  the  valve  in  the  blast  pipe;  and  g 
the  cinder  valve  at  the  bottom  of  the  tuyfere  iron. 

PRODUCTION    OF    BLAST 

5.  The  Bellows. — The  air  blast  is  produced  either  by 
means  of  a  rotary  fan  or  blower,  or  by  a  bellows.  The 
bellows  illustrated  in  Fig.  6  consists  of  two  parts.     These 
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are  separated  hy  a  partition,  and  the  air  from  the  lower  half 
is  forced  through  the  valves  /  in  the  center  board  into  the 
upper  chamber,  where  it  is  stored  for  use.  The  bellows  is 
hung:  from  the  center  board  by  pins  m,  and  as  the  lower 
board  is  drawn  up,  the  air  in  the  lower  part  is  forced  through 
the  valves  /  into  the  upper  chamber,  inflating  it  and  raising 
the  top  board.  As  the  bottom  board  descends,  the  valves  / 
close  and  the  valves  c  open,  allowing  air  to  flow  in  and  fill 
the  space  below  the  center  board.  By  placing  a  weight  on 
the  top  board,  the  air  pressure  in  the  upper  part  is  increased. 
The  top  board  should  be  held  up  when  the  bellows  is 
Idle  for  any  great  length  of  time,  to  keep  the  leather 
stretched  to  prevent  it  from  cracking.     This  may  be  done 


by  fastening  the  hook  /  in  a  chain  suspended  from  the 
ceiling.  With  this  care,  the  bellows  will  last  much  longer, 
for  if  the  upper  part  is  always  folded  together  when  not  in 
use,  the  leather  will  soon  crack  and  the  upper  part  will  be 
spoiled  while  the  lower  half  is  still  in  good  condition.  The 
operating  chain  or  rod  is  attached  to  the  hook  d,  and  the  air 
from  the  upper  part  discharges  through  the  tube  or  nozzle  A. 
The  leather  of  the  bellows  should  be  oiled  two  or  three 
times  a  year  with  neat's-foot  oil  or  harness  oil  to  preserve  it. 
It  should  always  be  oiled  before  cold  weather  sets  in,  so  as 
to  make  it  pliable  during  the  winter.  On  a  cold  morning, 
the  bellows  should  be  started  slowly,  so  as  not  to  crack  the 
leather  while  it  is  stiff  with  the  cold. 
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6.  Botai-y  Blower  or  Fan. — The  rotary  blower  or 
centrifugal  fan,  Fig.  7,  has  a  number  of  blades  set  nearly 
radially  on  the  shaft  and  placed  within  a  cylindrical  iron 
casing,  with  inlet  holes  d  concentric  with  the  shaft  on  each 
side,  and  an  outlet,  opening  into  the  delivery  pipe  k,  at  the 
periphery  of  the  casing.  The  shaft  is  driven  by  a  belt  passing 
over  a  pulley  e.  The  centrifugal  force,  caused  by  the  rapid 
rotation  of  the  blades,  throws  the  air  outwards,  that  is,  away 
from  the  center.  The  air  close  to  the  shaft  rushes  in  through 
the  opening  </,  to  fill  the 
space,  and  so  a  constant 
blast  is  maintained. 

For  small  forges,  hand- 
driven  rotary  fans  are  very 
frequently  used.  There 
are  a  number  of  styles 
on  the  market  driven  by 
cranks  either  through 
trains  of  gears  or  through 
belts.  These  portable 
hand  blowers,  however, 
are  used  more  in  small 
smith  shops  than  in  black- 
smith shops  connected 
with  manufacturing  plants.  ''"'■ ' 

One  of  their  principal  advantages  is  that  they  take  up  less 
room  than  the  bellows  and  are  in  many  cases  capable  of  pro- 
ducing a  much  greater  blast  pressure.  A  good  hand  blower 
should  be  so  constructed  that  it  can  run  in  either  direction 
without  drawing  ashes  back  into  it.  Power-driven  fans  may 
be  operated  by  a  belt  from  a  pulley  on  the  line  shafting,  by 
belting  from  an  electric  motor,  or  by  direct-connected  motor. 

Several  forms  of  blaut  gates  are  used  in  the  blast  pipes 
of  power  fans.  These  should  be  so  placed  that  they  may  be 
conveniently  operated  by  the  smith  while  working  at  the 
forge.  The  blast  gate,  when  closed,  completely  shuts  off 
the  air  supply,  but  when  opened,  admits  the  blast  to  the 
Inyfere;  it  can  be  set  so  as  to  supply  the  blast  to  suit  the 
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work.  There  are  two  general  styles  of  gates  for  controlling 
the  air  pressure;  one  is  an  ordinary  damper  like  that  placed 
in  a  stovepipe,  and  the  other  is  a  slide  that  can  be  pushed  in 
or  drawn  out  through  an  opening  in  the  side  of  the  air  pipe. 

■  7.  Positive  Botary  Blower. — A  positive  blower  differs 
from  a  fan  in  that  it  has  two  rotating  pistons  placed  with 
their  axes  parallel  and  geared  together  at  either  one  or  both 
ends  with  gears  of  equal  diameter.  The  pistons,  or  air 
impellers,  have  curved  sides,  and  are  so  placed  with  refer- 
ence to  each  other  that  they  mesh  correctly;  they  are,  in  fact, 
cycloidal  gears  with  two  teeth  each.  Because  of  this  com- 
bination of  form  and 
arrangement  of  the  pis- 
tons, the  blast  produced 
by  the  positive  type  of 
blower  diflEers  from  that 
of  the  fan  previously 
described.  This  blower 
delivers  a  definite  quan- 
tity of  air  under  pres- 
sure into  the  delivery 
pipe  at  each  revolution 
of  the  pistons.  Thus 
the  air  may  be  forced 
through  an  opening  against  resistance,  such  as  a  varying 
amount  of  cinders,  coal,  or  metal  covering  a  tuyfere.  A  blast 
of  this  character  is  called  a  positive  blast,  and  machines  for 
producing  it  are  called  positive  blowers. 

Fig,  8  is  a  sectional  view  of  one  form  of  these  rotary 
blowers  taken  at  right  angles  to  the  axes  of  the  pistons.  The 
arrows  at  a,  a  show  the  directions  of  rotation  of  the  pistons, 
and  the  direction  of  the  air  at  the  intake  and  delivery  pipes. 
This  same  form  of  blower  is  sometimes  connected  to  small 
forges  and  operated  by  band. 

8.  Water  Gauge. — For  measuring  the  blast  pressure, 
a  w^ater  g^auge  is  generally  used.  A  simple  form  can  be 
made  by  bending  a  ^-inch  glass  tube  to  the  shape  shown  in 
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Pis.  9.  The  tube  is  fasteDed  to  a  board,  and  a  scale,  gradu- 
ated in  inches,  is  made  to  slide  vertically  between  the  two 
parallel  arms  of  the  tube.  The  air  pipe,  having  a  stop-cock 
at  s,  is  then  connected  at  c  and 
the  end  a  is  left  open.  Water  is 
poured  into  the  tube  until  it  rises 
to  the  height  d  in  both  tubes. 
The  stop-cock  s  is  then  opened, 
and  the  air-blast  pressure  forces 
the  water  up  in  tube  a;  the  scale 
is  then  moved  into  position  so  that 
the  zero  mark  is  on  a  line  with  the 
water  level  in  the  shorter  tube,  and 
the  reading  is  taken  at  the  level  of 
the  water  in  the  long  arm.  Ordi- 
narily, a  blast  of  from  4  to  6  ounces 
pressure  to  the  square  inch,  or, 
approximately,  7  to  10  inches  of 
water,  is  used  for  a  blacksmith's 
forge.  A  pressure  of  1  pound  to 
the  square  inch  is  equal  to  the 
pressure  of  a  column  of  water 
with  an  area  of  1  square  inch  and  '""' 

27.7  inches  high;  and  the  pressure  of  1  ounce  to  the  square 
ioch  is  equal  to  a  pressiu-e  of  1.73  inches  of  water. 

DISPOSAL    OF    SMOKE    AND    GASES 

9.  Hoods  and  Chimneys. — In  the  case  of  a  single 
stationary  forge  like  that  shown  in  Fig.  1,  the  gas  and 
smoke  from  the  fire  are  usually  drawn  up  through  the 
hood  by  the  natural  draft  of  the  chimney.  Where  the  forge 
stands  in  the  center  of  the  room,  the  hood  is  sometimes 
suspended  over  it  and  connected  with  a  sheet-iron  chimney 
going  straight  up  through  the  roof.  If  these  chimneys  are 
provided  with  some  fonn  of  top  which  will  insure  a  draft  no 
matter  which  way  the  wind  blows,  they  are  quite  efficient. 

10.  Overhead  Exhanst  System.^ — In  the  overhead 
exhaust  system,  a  hood  is  bung  over  each  fire  and  the  pipes 
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from  the  hoods  are  carried  to  a  common  exhaust  pipe,  from 
which  the  smoke  is  drawn  by  means  of  a  fan.  This  system 
is  positive  in  its  action  and  gives  quite  efficient  service,  but 
the  suspended  hoods  and  pipes  are  frequently  in  the  way  of 
cranes  or  other  handling  devices;  they  also  obstruct  the 
light  to  a.  certain  degree. 

11.     DowTi-Drart  System, — In  the  down-draft  system, 
the  hood  is  placed  at  one  side  of,  and  extending  partly  over, 
the  fire,  and  is  connected  by  an  underground  pipe  with  a  fan, 
which  draws  the  smoke  and  gases  into  the  hood  and  through 
the    pipe.     A    forge 
arranged  for  use  with 
this  system  is  shown 
in    Fig.    10.     Some- 
times   the    fan    that 
exhausts    the   smoke 
is  so  arranged  that  it 
returns  a  portion  of 
the  smoke  and  air  to 
.  the    forge   as  an  air 
blast.     As    ten   or 
twelve  times  as  much 
air  as  smoke  enters 
the  hood,  the  mixture 
does  very  well  for  air 
blast.    Besides,  it  has 
the  advantage  o£  being  warm.     When  this  system  is  used 
only  one  fan  is  necessary,  the  portion  of  the  air  and  smoke 
not  needed  for  the  forge  blast  being  delivered  outdoors. 
Sometimes,  however,  it  is  preferred  to  use  independent  fans 
for  the  exhaust  and  the  blast;  and  as  the  blast  is  always 
required  at  a  higher  pressure  than  is  necessary  at  the  outlet 
of  the  exhaust  fan,  it  is  probable  that  the  double-fan  system 
is  the  better  for  large  shops.     The  greatest  advantage  of  the 
down-draft  system  is  that  the  space  above  the  forge  is  clear 
for  the  use  of  cranes  or  handling  devices,  and  that  there  are 
no  pipes  to  obstruct  the  light.. 


^aovGoOt^lc 


S56 


BLACKSMITH-SHOP  EQUIPMENT 


11 


12.  Blast  Pipes. — The  fan  or  blower  should  be  located 
as  close  to  the  forge  as  possible,  and  care  should  be  taken 
to  avoid  unnecessary  bends  in  the  pipe,  because  there  will  be 
considerable  loss  in  pressure  when  forcing  air  through  a  long 
pipe  or  one  having  abrupt  bends.  The  bends,  if  any,  should 
be  made  in  easy  curves.  In  cases  where  a  large  number  of 
forges  are  supplied  with  air  from  one  fan,  or  blower,  care  must 
be  talcen  to  proportion  the  various  branches  of  the  pipe  sys- 
tem correctly.  The  fan  or  blower  must  be  run  at  a  speed  that 
will  give  more  than  4 


i  pressure  near 
the  fan,  in  order  to 
allow  for  the  loss  of 
pressure  in  the  pipe 
and  insure  the  proper 
pressure  at  the  tuyere. 
The  manufacturers  of 
fans  and  blowers  fur- 
nish tables  giving  the 
proper  sizes  and  pro- 
portions of  blast 
pipes. 

13.  Danger  of 
Explosion. — Some- 
times coal  gas  works 
back  into  the  blast 
pipe  when  the  fan  is 
not    running,    as    at 

noon,  forming  a  mixture  of  gas  and  air  that  may  explode  and 
burst  the  pipe  when  the  fan  is  started.  This  is  particularly  the 
case  if  the  blast  pipe  is  overhead.  The  danger  of  explosion 
may  be  prevented  by  having  one  or  more  valves  in  the  top  of 
the  pipe,  as  shown  in  Fig.  11,  to  allow  the  gas  to  escape.  The 
valve  a  is  made  of  thin  sheet  iron,  and  is  held  up  by  the  blast 
when  the  fan  is  running,  but  drops  on  cross-wires  d  and  per- 
mits the  gas  to  escape  when  the  fan  is  not  running.  A  top  view 
of  this  valve  is  shown  at  c;  it  is  3  inches  or  more  in  diameter. 
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14.  Ventilation. — The  ventilation  of  large  blacksmith 
shops  in  which  heavy  work  is  done  is  a  difficult  problem. 
Probably  the  best  way  of  warming  is  by  hot  air  blown  into 
the  shop  through  numerous  openines  near  the  floor.  This 
tends  to  provide  fresh  air  near  the  floor,  white  the  smoke 
may  be  removed  from  the  upper  part  of  the  room  either  by 
opening  ventilators,  or  overhead  windows,  or  by  the  use  of 
fans.     Sometimes  all  these  methods  are  used  together. 


PORTABLE    FORQEa 

15.  Portable  torgee  are  those  that  may  be  moved 
about  easily.  They  are  of  various  designs  and  constructions, 
in  order  to  meet  the  requirements  of  special  classes  of  work. 
For  example,  some 
classes  of  work  might 
have  to  be  done  by 
blacksmiths,  others  by 
machinists^  bridge  build- 
ers, boilermakers,  etc. 
There  are  many  kinds 
of  work  to  which  these 
forges  are  adapted,  but 
they  are  especially  use- 
ful when  work  is  done 
away  from  the  shop. 

Fig,  12  shows  a  port- 
able forge  that  is  much 
used  for  heating  rivets. 
It  has  a  cast-iron  bowl  a 
supported  on  legs  made 
of  iron  pipe.  The  blast 
is  supplied  from  a  small 
Pj^  ,2  rotary  fan  /,  secured  be- 

neath the  bowl.  The 
fan  is  operated  by  the  lever  d,  connected  with  a  second 
lever  d,  which  carries  a  ratchet  on  its  outer  end  that  engages 
with  ratchet  teeth  on  the  inside  of  the  gear  c. 
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FOROE  FIRES 


FUELS 

16.  Coal. — The  tnel  that  is  most  commonly  used  on 
blacksmiths'  forces  is  bltmntnons  coal,  usually  called  eott 
coal.  It  is  broken  into  small  pieces,  and  when  free  from 
sulphur  and  phosphorus  and  of  good  quality  is  excellent  for 
this  purpose.  A  fuel  containing  either  sulpbnr  or  phos- 
phorus should  be  avoided,  as  they  will  be  absorbed  by  the 
iron.  Sulphur  makes  the  iron  hot  short,  that  is,  it  makes 
it  brittle  while  hot;  and  phosphorus  makes  it  cold  short, 
that  is,  brittle  when  cold. 

Some  grades  of  bituminous  coal  bum  too  rapidly,  and  some 
contain  too  much  earthy  matter  to  give  a  free-burning,  clean 
fire  producing  a  proper  heat. 

Anthracite  culm  or  hard-coal  siftings  may  be  used  at  times, 
but  this  fuel  is  apt  to  contain  a  larger  percentage  of  impurities 
than  soft  coal.  In  order  to  use  it,  careful  attention  must  be 
given  to  the  blast,  and  in  any  case  it  will  not  make  a 
hollow  fire. 

17.  Coke. — Coke  is  a  solid  fuel  made  from  bituminous 
coal  by  beating  it  in  the  fire  or  in  ovens  UT.til  its  volatile  or 
gaseous  constituents  are  driven  off,  the  solid  portion  not 
being  consumed.  If  the  coal  contains  sulphur  and  phos- 
phorus, these  impurities  will  always  exist  in  the  coke, 
although  a  portion  of  the  sulphur  may  have  been  driven  off 
by  the  heat  in  coking. 

18.  Charcoal. — Another  solid  fuel  made  by  artificial 
means  is  charcoal.  It  is  the  best  fuel  because  of  the 
small  amount  of  impurities  that  it  contains.  It  is  unrivaled 
for  heating  carbon  steels,  giving  a  clean  tire,  free  from  sul- 
phur and  other  objectionable  matter.  A  charcoal  fire  is, 
however,  not  suitable  for  heating  high-speed  steels,  as  it  is 
impossible  to  get  the  high  temperature  required.  Char- 
coal made  of  maple  or  other  hardwood  is  the  best.     Some 
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manufacttirers  of  twist  drills,  reamers,  milling;  and  other 
cutting  tools,  use  charcoal  exclusively.  The  objections  to 
this  fuel  are  that  its  cost  is  high  and  that  it  heats  the  work 
more  slowly  than  coal."      

riBB    AND    mtE-TOOId 

19.  Tbe  Fire. — In  the  combustion  of  fuel  (charcoal, 
coal,  or  coke),  the  oxygea  of  the  air  combines  chemically 
with  the  carbon  of  the  fuel.  This  chemical  combination  pro- 
duces heat;  the  temperature  attained  depends  on  the  rapidity 
with  which  the  combination  takes  place,  and  the  amount  of 
heat  depends  on  the  amount  of  carbon  and  oxygen  com- 
bined within  a  given  period  of  time.  Under  ordinary  con- 
ditions, the  combustion  would  not  go  on  rapidly  enough  to 
generate  su£Gcient  beat  to  raise  iron  or  steel  to  the  tem- 
perature necessary  for  working  it  under  the  hammer.  Hence, 
the  draft  must  be  increased  in  order  to  supply  more  oxygen 
to  the  fuel,  and  thus  increase  the  rate  of  combustion.  It  is 
possible,  however,  to  supply  too  much  air  and  blow  out  the 
fire,  because  too  much  cold  air  will  chill  the  hot  coals  below 
the  temperatiure  at  which  tbe  oxygen  will  combine  with  the 
carbon;  or  it  may  only  lower  the  temperature  by  using 
the  heat  of  the  fire  to  warm  the  excess  of  air  that  passes 
through  it.  The  greatest  objection,  however,  to  an  excess 
of  air  is  that  too  much  oxygen  will  be  supplied  to  the  fire, 
and  some  of  it  will  combine  with  the  hot  iron,  forming 
oxide  ot  Iron,  which  is  the  black  scale  that  falls  from 
heated  iron  while  being  forged.  A  fire  supplied  with  an 
excess  of  air  is  called  an  oxldlzloK  fire,  but  if  all  the 
oxygen  is  used  in  tbe  combustion  and  there  is  an  excess  of 
carbon,  the  fire  is  called  a  reducluir  lire. 

A  good  way  to  start  the  fire  is  to  heap  coal  all  around  the 
tuyfere  to  a  depth  of  2  or  3  inches,  leaving  the  tuyere  uncov- 
ered. A  handful  of  shavings  or  some  oily  waste  is  set  on  fire 
and  put  into  the  opening  over  the  tuyfere,  and  a  small  quan- 
tity of  fuel  is  spread  over  it.  The  blast  is  turned  on  very 
lightly,  and  as  the  fire  burns  up,  more  fuel  is  added,  and  the 
blast  is  increased.     A  conical  block  of  wood  is  sometimes 
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used.  The  block  is  put  over  the  tuyfere  with  the  small  end 
down,  aod  the  coal  packed  about  it.  The  block  is  then 
taken  out  and  shavings  put  into  its  place,  and  the  fire  started. 
If  coal  is  used  for  fuel,  it  is  well  to  coke  a  quantity  of  it 
before  putting  the  iron  into  the  fire.  The  fire  is  kept  from 
spreading  by  sprinkling  water  around  the  edges.  The  fire 
should  not  be  allowed  to  bum  too  low,  because  this  makes 
it  necessary  to  place  the  iron  nearer  the  tuyfere  and  brings  the 
hot  iron  too  near  the  cold  blast.  For  this  reason,  the  blast 
must  always  have  a  good  bed  of  fire  to  pass  through  before 
coming  in  contact  with  the  iron  that  is  being  heated.  The 
hot  iron  should  not  come  in  contact  with  the  fresh  coal.  As 
the  fuel  is  burned,  the  coke  is  brought  toward  the  center  and 


fresh  fuel  is  added  on  the  outside  of  the  heap,  where  it  can 
coke  slowly.  The  fire  must  always  be  kept  clean,  all  cinders, 
ashes,  and  scraps  of  iron  being  removed.  Care  should  be  taken 
to  prevent  lead  and  Babbitt  metal  from  getting  into  the  fire, 
as  they  are  objectionable,  particularly  if  welding  is  to  be  done. 
If  the  fire  is  not  to  be  used  for  some  time,  it  may  be  held 
by  putting  a  stick  of  hardwood  into  the  fire  and  pounding  the 
fuel  down  around  it.  The  blast  is  then  turned  on  gently  for 
a  few  moments  to  liven  it  up  well.  After  this,  it  may  be 
left  without  a  blast  for  an  hour  or  more,  and  can  be  restarted 
by  turning  on  the  blast.  The  ashes  and  cinders  are  then 
raked  out  and  blown  nut  with  the  blast,  or  dropped  through 
the  tuytre  into  the  cinder  pit. 
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20.  Forms  ot  Fire. — The  fire  may  be  maintained  either 
open  or  hollow.  In  the  open  tire,  the  combustion  takes 
place  on  top  of  the  heap  over  the  tuyfere;  while  in  the 
hollow  Hre,  a  section  of  which  is  shown  in  Fig,  13,  the 
combustion  takes  place  inside,  the  top  being  roofed  over 
with  coke  and  coal.  A  hole  is  left  in  front  for  the  iron.  The 
advantages  of  the  hollow  fire  are  that  it  is  much  hotter  than 
the  open  fire,  as  the  hot  roof  radiates  heat  as  well  as  the  hot 
sides  and  bottom,  and  it  also  heats  the  iron  more  evenly, 
and  thus  lessens  the  chilling  by  contact  with  the  outside  air. 

21.  Fire-Tools. — The  following  fire-tools  should  be 
provided  for  each  forge:    A  poker,  Fig.  14  (a),  which  is  a 


(^^ 


rod  of  iron  or  steel  about  i  inch  in  diameter  and  at  least 
20  inches  long,  with  a  handle  at  one  end;  a  flre-liook. 
Fig.  14  (6),  which  is  similar  to  the  poker,  but  has  a  hook 
bent  on  one  end;  a  sliovel.  Fig,  14  (c),  which  has  a  sheet- 
iron  blade  and  a  long  handle;  and  a  sprinkler,  Fig.  14  (d), 
which  consists  of  a  forked  iron  handle  sprung  into  holes  in  a 
tin  can,  the  bottom  of  the  can  having  holes  punched  in  it  for 
the  escape  of  the  water.  This  is  used  for  cooling  parts 
or  pieces  of  iron  and  for  keeping  the  fire  from  spreading. 
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BLACKSMITHING  TOOLS 


THE  ANVIL 
22,     ConHtrnctton  of  tbe  Anvil. — The  ordinary  black- 
smith's anvil  is  shown  in  Pig.  15.     It  has  a  horn  a  on  one 
end,  around  which  bending  is  done.     The  body  of  the  anvil 
may  be  made  either  of  wrought  iron,  or  of  a  special  quality 
of  cast  iron,  or  it  may  be  a  steel  casting.     Tbe  top  is  faced 
with  steel,  which  is  sometimes  planed  true  and  then  hardened, 
or  first  brought  approximately  to  shape  and  then  hardened 
and  finished  by  grind- 
ing.    Anvils    having 
cast-iron  bodies  usu- 
ally have  unhardened 
steel  horns,  which  are 
tough  and  not  easily 
broken.     Anvils  hav- 
ing   wrought-irOD 
bodies   usually   have 
horns  of  the  same  ma- 
terial.    It  is  claimed 
that  the   cast-iron 
body  gives  a  firmer 
backing  for  the  steel 
face  of  the  anvil  than 

does  wrought  iron.  The  face  of  steel  is  usually  hardened 
under  a  flow  of  water.  If  too  soft,  it  will  nick;  and  if  too 
hard,  it  is  liable  to  chip  at  the  corners  and  edges.  Anvils 
made  of  the  usual  qualities  of  cast  iron  are  brittle.  A  cast- 
iron  anvil  with  a  horn  of  the  same  material  cannot  be  used 
for  heavy  work  because  the  horn  is  liable  to  be  broken  off, 
which  is  not  the  case  with  the  wrought-iron  anvil.  For  light 
work,  however,  the  cast-iron  anvil  will  give  good  service. 

:,au— ill 
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Square-faced  anvils  without  horns  are  frequently  made  of 
cast  iron,  but  the  edges  chip  o£E  easily. 

The  face  of  the  anvil  is  straight  lengthwise,  as  shown 
from  ^  to  c.  Fig.  15,  but  it  is  slightly  crowned  crosswise 
from  b  to  d,  as  shown  somewhat  exag<rerated.  If  the  face 
of  the  anvil  were  perfectly  flat,  a  straight  piece  of  iron 
would  show  a  tendency  to  curl  upwards  while  being  ham- 
mered when  held  crosswise  of  the  anvil,  and  unless  it  were 
held  perfectly  flat  on  the  anvil  it  would  sting  the  hand; 
besides,  there  would  be  danger  of  nicking  the  iron  where  it 
rests  on  the  comer  of  the  anvil.  When  hammering  a  piece 
of  iron  on  the  crowned  face  of  an  anvil,  the  effect  of  the  blow 
is  more  nearly  confined  to  that  part  of  the  face  where  the 
hammer  strikes;  thus  the  cro\vned  face  acts  to  some  extent 
like  a  bottom  fuller,  which  is  described  later.  A  portion  of 
the  edge  of  the  face  is  sometimes  rounded,  as  shown  at  d. 

At  the  right-hand  end  of  the  anvil  there  is  a  square  hole  e 
called  the  bardie  hole,  in  which  cutting  and  forming  tools  are 
held.  The  small  round  hole  /  near  it  is  called  the  prltcht-1 
hole;  the  core  of  small  holes  is  punched  out  through  it. 

23.  Setting  an  Anvil. — The  anvil  should  be  placed  on 
a  solid  block  of  wood,  preferably  a  butt  end  of  oak,  and 
should  be  fastened  to  it  with  iron  straps,  as  shown  in  Fig.  15, 
or  with  staples.  Anvils  on  which  soft  metals  are  to  be 
worked  often  have  a  layer  of  leather,  felt,  or  cloth  beneath 
them.  The  height  of  an  anvil  should  be  such  that  when  the 
workman  stands  beside  it  his  knuckles  will  just  reach  its  face. 

24.  The  Weight  of  Anvils. — The  weights  of  anvils 
vary  greatly;  small  ones  are  used  for  light  work  and  large 
ones  for  heavy  work.  An  average  anvil  will  weigh  from 
150  to  200  pounds.  Formerly,  most  of  the  anvils  used  in  the 
United  States  were  imported  from  England.  These  generally 
have  the  weight  stamped  on  the  side,  and  on  many  anvils  it  is 
given  in  hundredweights  of  112  pounds  each.  If  a  person 
stands  facing  the  anvil,  with  the  horn  to  the  right,  the  weight 
is  generally  found  stamped  on  the  near  side;  the  figures 
toward  the  left  designate  the  number  of  hundredweights  of 
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112  pounds;  the  figures  in  the  center  denote  the  quEirters  of 
a  hundredweight;  and  the  figures  at  the  right  side  show  the 
number  of  extra  pounds.  Thus,  if  an  anvil  is  stamped 
2-2-17,  it  means  2  hundredweight  of  112  pounds  each,  which 
is  224  pounds,  2  quarters  of  a  hundredweight,  which  is 
56  pounds,  and  17  pounds,  making  the  total  weight  of  the 
anvils  224  +  56  +  17  =  297  pounds.  However,  the  present 
practice  among  American  makers  is  to  stamp  their  anvils 
with  the  direct  weight  in  pounds. 


HAND    TOOLS 

HAMMERS    AND    SLEDGES 

25.  Classification. — Hammers  are  classified,  according 
to  weight,  as  hand  hammers,  hand  sledges,  and  swing  sledges; 
according  to  the  peen,  into  ball-peen,  shown  in  Fig.  16  (a), 
crosS'Peen,  shown  in  Pig.  16  {b),  and  long-peen,  or  straighl-peen, 
shown  in  Fig.  16  (c). 


26.  Hand  Hammers. — The  hand  hammer  is  made  to 
use  with  one  hand  and  is  handled  by  the  smith  himself.  It 
should  not  weigh  more  than  %\  pounds,  a  1-pound  hammer 
being  a  very  convenient  size  for  small  work.  The  handle 
should  be  well  formed,  elliptical  or  oval  in  section,  and  a 
little  thinner  toward  the  head,  as  shown  at  a,  Fig.  16  (a); 
this  is  done  to  give  it  a  spring,  in  order  to  avoid  stinging 
the  hand.  It  is  from  14  to  16  inches  long,  and  is  made 
of  a  size  that  will  fit  the  hand  comfortably.  A  handle  of 
improper  shape  is  apt  to  tire  or  cramp  the  hand.  It  should 
be  durable,  not  a  makeshift,  for  the  smith  soon  become; 
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accustomed  to  a  bammer.  and  Icnows  what  effect  a  blow  will 
have.     It  is  dangerous  to  use  a  hammer  with  a  loose  head. 

27.  Hand  Sledge. — A  hand  sledge,  shown  in  Fig.  17,  is 
larger  than  the  hand  hammer.    It  weighs  from 
5  to  8  pounds  and  is  used  hy  the  helper,  who 

holds  it  with  both  hands. 

The  handle  is  from  26  to  34 

inches    long,    and   not   so 

slender,  in  proportion,  as 

the  handle  of  the  hand  ham- 
mer.    In  striking  with  the 

hand    sledge,    the    helper 

holds  it  in  both  hands  and 

strikes   a    shoulder   blow; 

that  is,  he  raises  the  head  of 

the  sledge  to  the  shoulder 
and  strikes  from  this  position.  Both  large 
hammers  and  hand  sledges  are  frequently 
called  flogging  hammers. 

28.  Swing  eiedge.— The  swing  sledge, 
one  form  of  which  is  shown  in  Fig.  18,  weighs 
from  8  to  20  pounds,  or  more.  The  handle 
is  about  3  feet  long.  In  using  the  swing 
sledge,  the  helper  grasps  the  handle  near  the 
end  with  both  hands,  and  strikes  a  full-arm- 
swing  blow.  This  sledge  is  used  for  striking 
a  heavy  blow.  The  swing  sledge  is  also 
made  of  the  form  shown  in  Fig.  17, 

29.  Ball-Peen  Hammer.— The 
peen,  or  cblppIuK  hammer,  shown 
in  Fig.  16  (a),  is  a  hand  hammer  that 
has  the  peen  in  the  shape  of  a  ball. 
The  peen  is  used  in  riveting,  or 
where  it  is  required  to  stretch  the  ""'-  '* 
metal  in  length  and  width,  or  for  working  in  a  hollow. 

30.  Cross-Pceii  Ilammcr.-^-The  cross-peen   hammer, 
shown  ip  Fig.  16  (b),  is  used  when  it  is  required  to  stretch 
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the  metal  lengthwise,  but  not  crosswise.     The  cross-peen 
hand  hammer  is  also  used  for  riveting. 

31.  Long-  or  Stralgbt-Peen  Hammer. — The  long- 
peeo  or  straigbt-peen  hammer,  shown  in  Fis;.  16  (c),  is  used 
when  the  metal  is  to  be  spread  sidewise.  These  hammers 
are  made  of  diHerent  weights,  and  are  selected  to  suit  the 
work  and  the  strength  of  the  smltb;  a  good  set  of  hand  ham- 
mers consists  of  a  1-pound  ball-peen,  a  li-pouod  straight- 
peen,  and  a  2-pound  cross-peen  hammer. 

32.  Material  Used  for  Hammers. — Hammers  were 
formerly  made  of  wrought  Iron  or  mild  steel  and  faced  with 

tool     steel.      If    the  

whole  head  is  made 
of  tool  steel,  it  is 
liable  to  chip  and 
crack,  but  with  a 
soft  backing  this  is 
avoided  to  a  great  ex- 
tent. Hammers  made 
of  a  special  cast  steel, 
called  hammer  steel, 
are  much  used  at 
present,  and  give  en- 
tire satisfaction. 

33.  Hammer 
Handles. — Hammer 
handles  should  be 
made  of  the  best 
quality  of  white, 
straight -grained,  sec- 
ond-growth hickory 
that  has  been  well  sea- 
soned. The  handle 
should  be  carefully 
fitted   to   the  eye   in 

the  hammer  bead  so  that  it  fills  the  eye  as  nearly  as  possible. 
The  handle  must  also  be  at  right  angles  to  the  hammer  head, 
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so  that  when  strikiae  a  blow  the  head  will  fall  squarely,  and 
not  on  the  edge. 

The  eye  in  the  hammer  head  is  s^neraWy  made  larger  at 
its  ends  than  at  the  middle.  When  the  end  of  the  handle  is 
properly  wedged,  it  will  spread  in  the  eye  and  hold  the 
handle  securely  in  the  head.  The  eye  is  widened  sidewise, 
or  lengthwise,  and  often  in  both  directions  from  the  middle 
of  the  bead  toward  the  outside. 

If  the  widening  is  sidewise  only,  but  one  wedge  is  used, 
as  sbown  at  a.  Fig.  19  (a).  If  widened  at  the  top  and 
bottom,  and  not  at  the  side;,  two  wedges  are  driven  cross- 
wise as  shown  at  a.  Fig.  19  it).  If  the  widening  is  in  both 
directions,  three  iron  wedges  are  used,  as  shown  in  Fig.  19  (c) , 
or  three  wooden  wedges,  as  shown  in  Fig.  19  {d). 

FORMING    AITD    CITTTINe    TOOI^ 

34.  Set  Hammers. —When  a  piece  of  work  is  of  such 
shape  that  it  cannot  be  reached  so  as  to  do  the  work  properly 
with  a  hammer,  a  set  liammer  is  used.    The  face  of  the 


set  bammer  is  placed  on  the  part  of  the  work  where  the  blow 
is  desired,  and  the  other  end  receives  the  hammer  or  sledge 
blow.  Sometimes  a  set  hammer  is  used  to  prevent  marring 
the  work,  or  to  give  some  part  of  the  work  a  definite  form 
not  readily  obtained  with  the  hammer.  The  faces  of  set 
hammers  are  formed  into  special  shapes  to  suit  the  require- 
ments  of   the   various   classes   of   work.     The   square   set 
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bammer  shown  in  Pig.  20  (a)  is  used  to  produce  a  flat  sur- 
face, or  make  a  square  shoulder  or  offset. 

35.  Flatter.— The  flatter,  shown  in  Fig.  20  {*),  is  used 
for  the  same  class  of  work  as  the  square  set  hammer,  the  dis- 
tinction between  the  two  heias  that  the  flatter  has  a  larger  face. 
For  this  reason,  the  flatter  is  used  to  flatten  down  a  surface  in 
finishing,  while  the  square  set  hammer  is  preferable  when  a 
square  shoulder  is  to  be  made  and  the  iron  well  driven  down. 

36.  Fuller.— The  fuller,  shown  in  Fig.  21  (a),  is  used 
in  spreading  the  iron.     Owing  to  its  shape  it  concentrates 


the  force  of  the  sledge  blow  on  a  small  surface  and  there- 
fore  makes  it  more  effective  at  that  place.  The  fuller  spreads 
the  iron  at  right  angles  to  the  working  edges.  Its  action  is 
the  same  as  that  of  the  cross-peen  or  long-peen  hammer. 
It  is  also  used  for  hollowing  out  work. 

37.  Swage. — One  form  of  swage,  also  called  a  collar 
tool,  is  shown  in  Fig.  21  (A).  Swages  are  often  used  in 
pairs,  with  the  lower  half,  called  the  bottom  swage,  placed 
on  the  anvil  with  its  square  shank  in  the  hardle  hole. 

The  swage  is  usually  a  grooved  tool,  and  is  used 
principally  for  fc»'ming  and  shaping  bar  iron  or  rods  into 
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circular  or  hexagonal  sections.  It  is  also  used  for  forming 
flanges  or  collars  on  rods.  Each  swage  is  made  for  a  section 
of  a  certain  size.  An  assortment  of  four  or  more  swages 
is  generally  kept  at  hand,  hexagonal  swages  being  used  on 
bolt  beads  having  six  sides. 

38.  Punches. — Fig.  21  (c)  shows  a  square  punch,  and 
Fig.  21  (rf)  shows  a  round  punch.  The  punch  is  tapered, 
being  small  at  the  point  and  increasing  in  size  toward  the 
handle.  The  hole  is  made  by  driving  the  punch  into  the 
iron,  and  is  then  stretched  by  driving  the  punch  through 
the  work  until  the  desired  size  is  obtained. 

39.  Cutlers. — A  cold  cutter,  to  be  used  with  a  wooden 
handle,    is   shown   in    Fig.   22  {a),  and   a   hot   cutter   in 

Fig.  22  id).  The  cutting 
edge  of  the  cold  cutter  is 
slightly  convex,  and  is  ground 
so  that  it  is  more  blunt  than 
the  edge  of  the  hot  cutter. 
The  hot  cutter  is  drawn  out 
thinner  than  the  cold  cutter, 
and  its  edge  is  sharper.  It 
is  used  for  cutting  hot  metal. 
When  properly  tempered  and 
ground,  the  cold  cutter  should 
hold  its  edge  when  cutting 
cold  iron  or  steel.  When  used 
for  this  purpose,  it  is  frequently  called  a  no§r^Ini^  chisel. 
The  cold  cutter  cuts,  or  nicks,  and  at  the  same  time  wedges 
the  edges  of  the  cut  apart,  while  the  hot  cutter  makes  the  cut 
as  narrow  as  possible  so  as  not  to  batter  the  cut  ends.  The 
cold  cutter  is  used  to  nick  the  metal  alt  around  so  that  it 
can  be  broken.  The  cutting  edge  should  be  lubricated  fre- 
quently by  pressing  it  into  a  piece  of  oiled  waste  or  by 
dipping  it  into  water. 

40.  For  cutting  off  rivet  heads,  a  cold  cutter,  similar 
to  the  punch  shown  in  Fig.  21  (rf),  is  used.  The  end  of  the 
tool  is  formed  at  a  slight  angle  from  the  flat,  varying  from 
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2Q°  to  30",  and  the  center  of  the  face  is  slig'htly  hollowed. 
For  cutting  down  a  straight  surface,  the  side  cotter  shown  in 
Fig.  22  (it)  is  frequently  used.  These  side  cutters  are  made 
either  right  or  left. 

ANTLL  TOOLS 

41.     There  are  a  number  of  tools,  made  to  fit  into  the 
hardie  hole,  that  correspond  in  shape  to  the  set  hammers. 

f  fff 

II  in  >»  t^ 

Pio.  a 

The  results  obtained  with  them  are  similar  to  the  results 
obtained  with  the  corresponding  set  hammers.  Fig.  23  {a) 
shows  a  bottom  fuller,  which,  like  the  top  fuller,  is  intended 
to  spread,  or  stretch  the  iron.  The  shank  of  the  fuller  fits 
into  the  hardie  hole  of  the  anvil. 

Fig.  23  {b)  shows  a  bottom  s'waicowith  a  single  groove. 
It  is  similar  to  the  top  swage,  and  they  are  ordinarily 
used  together.     Bottom  swages  are  frequently  made 
with  two  or  three  grooves  of  different  size's  in  the 
same  block. 

The  hot  bardie  is  shown  in  Fig.  23  (c)  and  the 
cold  taai^le  in  Fig.  23  (rf).  They  correspond  in 
shape  to  the  hot  and  cold  cutters.  The  hot  hardie, 
being  slender  and  ground  to  a  thin  edge,  is  suitable 
for  making  a  sharp,  clean  cut;  the  cold  hardie  is 
thicker  and  its  edge  is  ground  more  blunt,  so  that  it  , 
may  have  proper  strength  to  cut  cold  iron  or  steel, 

The  taeadlntc  tool,  shown  in  Fig.  24,  is  used  in  '' 
forming  heads  on  the  ends  of  rods,  bars,  bolts,  and 
similar  work.     The  hole  through  the  head  is  usually  circular 
or  square.     There  should  be  an  assortment  of  these  heading 
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tools  on  hand  to  fit  the  various  sizes  of  iron  bars.  The 
hole  should  be  from  sV  to  iV  inch  larger  than  the  iron; 
-aV  inch  in  the  case  of  }-inch  diameter,  increasing  to  -iV  inch 
on  li-inch  and  larger  diameters. 
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42.  Tonsrs  are  used  for  handling  pieces  of  hot  iron  of 
various  forms.  A  few  of  the  most  common  kinds  are  men- 
tioned below.  Special 
tongs  are  made  to  fit 
special  forms,  and  it  is 
frequently  necessary  to 
make  a  new  pair  or  to 
alter  a  pair  to  fit  some 
oddly  shaped  piece  of  iron. 
The  parts  of  the  tongs. 
Fig.  25  (a),  are  theyaH'j  a 
•  and  the  handles  d,  some- 
times called  the  reins.  An 
oval  ring  a.  Pig.  25  (d), 
called  the  coupler,  is  fre- 
quently slipped  over  the 
handles  to  hold  the  work 
tight,  and  thus  relieve  the 
hand  from  the  more  severe 
part  of  the  holding  strain. 
The  tongs  should  always 
be  hung  on  a  rack  placed 
near  at  hand  to  prevent 
their  being  mislaid.  Thfe 
jaws  should  not  be  left  in 
the  fire  if  it  can  be  avoided, 
for  when  they  become  hot 
they  will  bend  apart  and 
must  be  bent  back  before  they  can  be  used  again,  and  besides 
they  must  be  dipped  into  water.  Repeated  heating  and  dip- 
ping makes  the  iron  brittle  and  spoils  it 
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Pi£.  25  (a)  shows  a  pair  of  flat  tongs  used  for  holding  flat 
iron.  When  closed  tightly,  the  jaws  should  always  be  parallel 
and  have  full-face  bearing  on  the  piece  of  iron  being  held. 

Pig.  25  id)  shows  a  pair  of  ptck-iip  tonga  used  for  pick 
ing  up  pieces  of  iron,  also  for  holding  small  pieces  while 
tempering,  etc.  The  jaws  are  bent  to  give  them  spring  and 
the  front  bend  is  convenient  for  holding  round  iron. 

Fig.  25  (c)  shows  a  pair  of  bolt  tongs.  They  are  made  for 
holding  round  iron  and  have  ^pocket,  a,  for  the  head  of  the  bolt. 

The  gad  tongs,  shown  iu  Pig.  25  (d),  are  used  for  hold- 
ing flat  or  wedge-shaped  pieces  that  have  a  bead  or  large  end. 

Fig.  26  illustrates  a  form  of  tongs  that  has  the  lower  jaw 


divided  into  two  prongs,  while  the  upper  jaw  is  V-shaped. 
The  pressure  of  the  upper  jaw  on  the  work  being  held  comes 
between  the  prongs  of  the  lower  jaw.  These  tongs  will  hold 
round,  octagon,  square,  and  flat  pieces  of  work  with  a  firm 
grip  when  proper-sized  tongs  are  used. 


FLOOR  AND  BENCH  TOOIiS 
43.  Svrage  Blocks. — Figs.  27  and  28  show  two  forms 
of  cast-iron  swage  blocks.  These  blocks 
have  variously  shaped  grooves  and  holes 
cut  into  them,  and  are  used  like  a  swage 
or  as  a  heading  tool,  and  for  similar  work. 
They  are  really  simple  forms  of  dies. 
Fig.  28  shows  a  swage  block  on  a  stand. 
The  grooves  A,  k  in  the  edges  are  used  for 
forming  hexagonal  heads  and  nuts  of  vari-  fio.w 

ons  sizes.     The  block  may  be  turned  on  the  stand  to  bring 
any  side  or  edge  up. 
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44.    Tapered  Mandrel. — For  forming  rings  and  eyes, 
the  cone,   or   tapered   mandrel,    shown   in    Pig.  29   (a) 

and  (d),  is  largely  used.  It  is  made  of  cast  iron  and  is 
formed  of  either  one  or  two  pieces.  If  it  is  formed  of  two 
pieces,  as  shown  in  Fig.  29  (a),  the  top  piece,  shown  at  the 
left  and  called  the  ttfi,  is  made  with  a  shank  on  the  bottom, 
which  fits  into  the  bottom  piece  and  dowels  the  two  parts 
together.  The  body  a  of  the  mandrel  is  given  a  plain 
smooth  taper,  but  usually  a  groove  6  extends  the  entire 
length.  This  groove  enables  the  smith  to  grasp  the  work 
with  a  pair  of  tongs  while  it  is  on  the  cone;  or,  in  the  case 


of  a  ring  attached  to  a  chain,  or  of  an  eye  on  a  ring,  the  link 
or  eye  enters  the  groove.  Some  cones  are  so  tapered  that 
the  upper  end  c  is  little  more  than  1  inch  in  diameter;  the 
diameter  of  the  lower  end  ordinarily  varies  between  8  and 
14  inches.  The  height  ranges  between  2i  and  5  feet.  When 
the  cone  is  made  in  two  pieces,  the  shank  of  the  tip  may  be 
placed  in  a  vise  to  hold  it  firmly  for  bending  small  work. 

45.  Surface  Plate. — The  ordinary  surface  plate  is  made 
of  cast  iron,  varying  in  thickness  from  li  to  4  inches, 
and  planed  smooth  on  the  top.  This  planed  face  is  used  for 
testing  work — to  see  whether  it  is  straight,  and  to  detect 
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warp  or  wind.     It  is  also  very  aseful  in  laying  out  work. 
The  surface   plate  is  generally  placed   on  a  small   strong 
bench,  as  shown  in  Fig.  30,  so  as  to  be  accessible  from  all 
sides.     It  should  be  carefully  leveled  and  then  secured  in 
position;  this  makes  it  possible  to  test  work  on  it  by  means 
of  a  level.     Large  sur- 
face  plates   are   ribbed 
on  the  bottom  to  make 
them  stifier.     Surface 
plates  about  4  feet  wide 
and  S  feet  long  are  of 
convenient  size  for  gen- 
eral use,  the  top  being 
about   2i  inches    thick, 
with  two  side  ribs  around 
the  bottom  and  several  „ 

cross-nbs.   makmg   the 

total  depth  of  the  plate  about  8  inches;  these  plates  are  used 
for  rocker-shafts,  yokes,  and  similar  work.  For  use  in  shops 
where  locomotive  frames  are  made,  plates  about  4  or  4i  feet 
wide  by  20  or  24  feet  long  are  used,  made  as  shown  in  Fig.  31. 
The  sides  of  these  plates  are  3  inches  thick,  and  are  con- 
nected by  ribs  as  shown.  The  plate  is  planed  on  both  sides, 
and  may  be  turned  over  occasionally  to  keep  it  straight,  as 


the  hammering  it  gets  tends  to  stretch  the  upper  surface 
and  make  the  plate  high  in  the  middle. 

46.  Surface  Gaiifce. — Pig.  32  shows  a  surface  gauge 
that  is  used  to  scribe  a  line  on  a  piece  of  work,  c.  This  tool 
is  used  on  the  surface  plate  to  draw,  or  scribe,  lines  parallel 
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to  the  surface  of  the  plate. 


The  sliding  collar  a  can  be  set  at 
any  height  on  the  ver- 
tical standard  b,  and 
the  needle  d  can  be 
damped  in  any  posi- 
tion on  this  collar. 

47.    Bench  Vise. 

The  vise  is  a  tool  in 
which  the  work  is 
held  securely  for 
bending,  twisting, 
chipping,  fil-ng,  etc. 
The  blacksmith's  vise 
shown  in  Fig,  33  is 
a  solid  block  on  the 
the  bench  with  bolts 


called  a  leg  vise.     The  leg  rests  ii 

floor,   while  the  body  is  secured  to 

through    the    strap   s. 

The    vise    is   made    of 

wrought   iron   and   has 

hardened-steel    jaws. 

The  screw  has  a  square 

thread,   and   should   be 

oiled  occasionally.    The 

top  of  the  vise   should 

be  set  at  elbow  heig;ht; 

this  will  be  found  most 

convenient  for  filing  and 

chipping. 

48.  Anvil  Vise. 
In  shops  where  heavy 
horseshoeing  is  done,  a 
heavy  6-inch  vise  can, 
with  advantage,  be 
bolted  to  a  10"  X  10" 
timber  post   set  in  the  p,^  ,3 

ground  near  the  anvil. 
The   jaws  of   the  vise    should   be  about   the  1 
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as  the  top  of  the  anvil.  A  vise  thus  arranged  has  several 
uses,  the  principal  one  being  to  clamp  the  hot  horseshoe 
while  bending  the  heel  calk. 

49.     Vise  Jaw^B. — A  very  necessary  addition  to  the  vise 
is  a  pair  of  copper  vise  Jaws,  shown  in  Fig.  34,     These  are 
made  of  sheet  copper,  from  -iV  to 
1*5  inch  thick,  formed  to  fit  over 
and  between  the  jaws  of  the  vise. 
They  protect  the  work  from  being 
bruised,  as  it  would  be  if  it  were 
clamped   between   the  bare  jaws.  ^ 
Besides,  they  protect  the  jaws  of 
the  vise,  for  it  is  often  necessary  ''°'  ** 

to  clamp  hot  pieces  of  iron  in  the  vise.  This  would  draw 
the  temper  out  of  the  jaws  if  they  came  in  direct  contact 
with  it.  To  make  them  more  efficient  for  this  purpose, 
pieces  of  asbestos  paper  are  placed  over  the  jaws  of  the  vise, 
under  the  copper  jaws.  This  makes  the  insulation  very 
good,  and,  besides  protecting  the  steel  jaws,  prevents  the 
/;dx  rapid  cooling  of  hot 

\^3i^  iron  by  contact  with 

the  cold  vise.  Sheet- 
iron  jaws  are  often 
used  for  hot  work. 

50.     Calipers. 

Calipers  are  used  for 
measuringdiameters, 
widths,  and  thick- 
nesses. Single  cali- 
pers are  made  of  two 
pieces  of  sheet  steel 
bent  to  the  required 
""'  ■"  shape    and    put    to- 

gether with  a  rivet.  They  are  made  to  work  rather  stiffly, 
so  as  to  remain  wherever  set.  Fig,  35  (a)  shows  a  pair  of 
outside  calipers,  and  Fig.  35  (i)  a  pair  of  inside  calipers. 
Fig.  30  shows  a  pair  of  double  calipers,  which  may  be  set 
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for  two  sizes,  as,  for  instance,  the  width  and  thickness  of 
a  forg^njf. 

51.     DlTlders. — The   dividers,   shown   in   Fig.  37,   are 


used  for  measuring  the  distance  between  two  points  and  for 
describing  circles.  The  points  are  clamped  by  means  of  » 
thumbscrew  /,  which  bears  against  the  wing  zv,  and  the 
finer  adjustments  are  made  by  means  of  the  thumb  nut  m 
The  points  are  held  apart  by  means  of  the  spring  s. 


52.  Measuring  Wheel,  or  Circular  Rule. — The  meas- 
uring wheel,  or  circular  nile.  shown  in  Fig.  S8,  also  called  a 
irax-eler,  a  traverre  wheel,  or  a  lire  wheel,  is  usually   a  thin 
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circular  ring  a  about  i%  inch  thick.  Sometimes  the  bub 
consists  of  a  thimble  fitted  into  a  hole  in  the  center  of  the 
wheel.  This  thimble  also  forms  the  support  for  an  index 
arm,  or  pointer  d,  which  turns  with  the  wheel  and  may  be 
set  to  any  point  on  its  circumference.  The  spindle  c  on 
which  the  wheel  turns  is  held  between  the  ends  of  a  forked 
handle  d,  as  shown.  Sometimes  a  boss  is  stamped  on  one 
side  of  the  wheel  to  form  the  hub,  which  is  threaded  and 
fitted  with  a  thumb  nut  to  bear  on  the  pointer  and  bold  it  in 
position.  The  measuring  wheel  is  sometimes  a  drop  forging 
turned  true  on  the  edge  and  having  the  division  marks 
stamped  on  one  side  in  the  process  of  forging, 

The  wheel  usually  has  a  circumference  of  24  inches,  which 
is  subdivided  on  one  side  into  inches,  halves,  quarters,  and 
eighths,  the  zero  and  24-inch  marks  being  at  the  same  point. 
Sometimes,  however,  the  wheel  is  plain  with  the  exception 
of  one  short  radial  line  on  one  side  touching  the  circum- 
ference. The  wheel  is  carefully  rolled  over  the  length  of 
the  work  to  be  measured,  the  measurement  being  started 
at  and  read  from  the  zero  line.  The  pointer  is  moved  to 
indicate  the  point  on  the  circumference  of  the  wheel  where 
.  the  measurement  ends.  The  number  of  complete  revolu- 
tions of  the  wheel  must  be  counted.  Chalk  marks  on  a 
plain  wheel  often  serve  as  substitutes  for  a  zero  line  and 
pointer.  On  curved  work,  the  wheel  should  be  moved  over 
the  line  of  mean  length,  between  the  outside  and  inside 
measurements. 

63.  Harking;  Materials. — A  soapstone  pencil  is  the 
best  material  for  making  surface  marks  on  iron,  although 
chalk,  slate  pencils,  and  crayons  are  used  for  the  purpose. 
Soapstone  marks  will  not  burn  off,  and  the  end  of  the  pencil 
may  be  filed  wedge-shaped  and  used  to  give  a  sharp  clear 
line  for  laying  out  work.  Soapstone  pencils  are  made  both 
round  and  rectangular  in  section;  in  either  case,  the  pencil  is 
usually  from  5  to  6  inches  long.  The  round  pencils  vary 
from  i  to  I  inch  in  diameter;  the  rectangular  ones  are 
usually  i  inch  thick  by  i  inch  wide. 

53B— 21 


^aovGoOt^lc 


34 


BLACKSMITH-SHOP  EQUIPMENT 


§56 


54.  Scrlber. — In  some  cases,  it  is  desirable  to  scribe  oo 
the  metal  a  line  that  will  cut  through  the  surface  scale.  To 
do  this,  a  steel  scrlber  of  the  general  form  shown  in  Fig.  39 

Ois  used.  It  is  usually  from 
iV  to  ( inch  in  diameter  and 
from  6  to  8  inches  long. 
The  point  must  be  quite 
hard,  and  the  temper  of  the 
rest  of  the  too]  must  be  carefully  drawn  to  secure  the  neces- 
sary elasticity  and  to  prevent  the  point  from  breaking  off. 

55.  other  Methods  ot  Marking. — White  lead  or  zinc 
white,  mixed  in  naphtha  or  boiled  linseed  oil  and  applied  with 
a  slender  brush,  is  often  used  to  letter  and  number  pieces  of 
work,  especially  when  shipped  to  a  distance.  Before  laying 
out,  the  surface  where  lines  are  to  be  made  may  be  whitened 
by  rubbing  with  lump  chalk  or  by  coating  with  whiting  and 
water,  turpentine,  or  wood  alcohol,  which  may  be  applied 
with  a  brush,  and  will  dry  quickly.  When  laying  out  work, 
the  hand  cold  chisef  and  the  center  or  prick  punch  are  fre- 


U      V 


quently  used  to  locate  the  ends  and  intersections  of  tines 
marked  on  the  piece  of  iron.  Lines  are  often  marked  by  a 
succession  of  dots  made  by  the  prick  punch  at  intervals  of 
from  i  inch  to  2  inches,  according  to  the  nature  of  the  work. 
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56.  Cold  Chisel. —The  cold  chisel  is  usually  of  the 
form  shown  in  Fig.  40  {a).  A  chisel  about  1  inch  in  width 
and  7  or  8  inches  long,  made  of  J-inch  octagon  tool  steel,  is 
commonly  used  for  general  purposes.  Small  chisels  are 
made  of  f  inch,  or  smaller,  octagon  steel.  The  illustration 
shows  the  edges  formed  by  faces  ground  at  an  angle  of  60°. 

57.  Cai>e  Chisel. — The  cape  chisel  shown  in  Pig.  40  (d) 
is  used  for  cutting  and  trimming  narrow  grooves  and  slots, 
and  is  made  in  widths  to  correspond  to  the  widths  of  the 
grooves  to  be  cut.  The  length  of  the  cutting  edge  should 
be  slightly  greater  than  the  width  of  the  tool  behind  it,  to 
give  clearance  for  the  cut. 

58.  Center  or  Prick  Punch. — The  center,  or  prick, 
punch,  shown  in  Fig,  40  U),  is  made  of  the  same  material  as 
the  cold  chisel.  The  size  varies  with  the  nature  of  the  work, 
and  may  be  from  about  }-  to  f-inch  octagon  steel.  It  is  used 
to  mark  centers  of  holes  to  be  drilled  and  to  make  small 
dots  or  marks  wherever  desired. 

59.  The  Bevel. — A  common  form  of  bevel  is  shown  in 
Fig.  41.  The  bevel  is  used  to  lay  off  angles  other  than  right 
angles,  and   is  usually 

set  from  a  drawing  or 
templet,  or  from  a  sam- 
ple. It  is  sometimes 
called  a  T  bevel,  and 
often,  incorrectly,  a 
bevel  square.  The  , 
form  illustrated   has  a 

cast-iron  stock  a  with  a  Fio-U 

slot  in  the  middle  of  one  end,  through  which  slides  a  steel 
blade  i,  slotted  for  about  one-half  its  length  and  capable  of 
adjustment  about  a  pivot  in  the  end  of  the  stock. 

The  adjustment  of  the  blade  consists  in  varying  the 
length  of  the  projection  of  the  blade  6  from  either  side  of 
the  stock,  and  of  varying  the  angle  that  it  makes  with  the 
stock.  When  the  blade  is  set  as  desired,  it  is  clamped 
by  turning  the  thumb  nut  c  on  the  end  of  the  stock.     The 


^aovGoOt^lc 


86 


BLACKSMITH-SHOP  EQUIPMENT 


§56 


side  edges  of  the  blade  ate  parallel  and  the  solid  end  d  is 
generally  cut  at  an  angle  of  45°,  or  one-half  a  right  angle, 
with  the  edges.  Care  must  be  taken  not  to  tighten  the 
thumb  nut  with  more  than  a  gentle  pressure,  otherwise 
the  threads  may  be  stripped  from  the  screw.  It  is  well  to 
keep  in  mind,  for  use  in  checking  up  work,  that  the  sum 
of  the  two  angles  formed  by  an  edge  of  the  blade  with  the 
sides  of  the  stock  is  equal  to  two  right  angles.  For  testing 
angles  while  the  work  is  hot,  there  is  usually  a  shop-made 
bevel  formed  of  two  strips  of  steel,  about  i  or  A  inch  thick 
by  i  or  J  inch  wide,  and  from  12  to  16  inches  in  length. 
These  pieces  are  riveted  together  at  one  end  and  are  made 
to  work  rather  stiffly,  so  that  they  will  remain  wherever  set. 

60.  Measures. — For  measuring  long  rods,  or  bars,  such 
as  suspension  rods  and  hangers,  the  more  careful  workmen 
generally  use  a  steel  measuring  tape.  For  the  general 
requirements  of  measuring  small  work,  both  straight  and 


■^Hwr 


alS^ 


curved,  a  thin  metal  rule,  2  feet  long  by  i  inch  wide,  folding 
in  the  middle,  is  commonly  used.  It  is  made  either  of  a 
good  quality  of  tempered  spring  steel  or  of  hard-rolled 
brass.     Fig.  42  illustrates  the  general  form  of  this  rule. 

61.  Hack  SaTvs. — The  back  saw^  is  now  usually  con- 
sidered a  necessary  part  of  the  blacksmith-shop  equipment. 
Hack-saw  blades  vary  in  length  from  6  to  16  inches,  and  even 
longer,  and  may  be  used  either  in  hand  frames  or  in  specially 
designed  frames  moved  by  power. 

The  hand  frame  illustrated  in  Fig.  43  {a)  is  an  adjustable 
frame,  in  which  blades  from  8  to  12  inches  long  can  be  used. 
The  clamps  holding  the  blade  may  be  turned  so  that  the 
blade  will  cut  up  or  down  in  the  plane  of  the  frame,  or  at 
right  angles  to  the  frame.     Thus  it  is  seen  that  the  blade 
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may  be  turned  to  face  any  one  of  four  ways.  Fig.  43  (d) 
shows  the  blade  set  at  right  angles  to  the  plane  of  the  frame. 
Hack-saw  blades  are  so  hard  that  they  cannot  be  filed,  and 
are  so  cheap  that  when 
dull  they  may  be  thrown 
away.  They  are  naade 
with  about  25  teeth  per 
inch  for  sawing  thin 
metal,  and  with  about 
14  teeth  for  other  work. 
The  blades  used  in 
hand  frames  are  about 
liia   inch  thick   and 

i  inch  wide,  an  8-inch  or  10-inch  blade  being  the  most  eco- 
nomical.   The  operator  should  lift  the  frame  up  slightly  when 
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drawing  the  saw  back,  or  the  back  stroke,  if  the  work  is  in 
contact  with  the  teeth,  will  be  much  more  destructive  to  the 
teeth  than  the  forward  stroke. 
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62,  Power  Hack  Baw, — For  cottia^  oS  bar  stock,  a 
power  hack  saw,  like  that  shown  in  Fig.  44,  will  be  fotmd 
exceedingly  useful.  Such  a  machine  is  usually  provided 
with  a  vise  for  holding  the  stock  to  be  cut  oS,  and  is  so 
constructed  that  the  machine  will  stop  when  the  piece  has 
been  sawed  through.  Provision  is  also  made  for  lifting  the 
saw  on  its  back  stroke  so  as  to  save  the  teeth.  The  blades 
are  generally  12  inches  or  more  in  length,  and  will  cut  stock 
up  to  4  inches  in  diameter.  The  power  hack  saw  is  especially 
useful  for  cutting  off  tool  steel. 
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MAKING  CAST  IRON 

It  Iron  Ore. — Any  iron-bear tn^f  mineral  from  which  the 
metal  can  be  abstracted  at  a  profit  is  iron  ore.  This 
definition  excludes  many  ores  containing  a  large  percentage 
of  iron  because  they  also  contain  a  large  percentage  of 
impurities;  and  it  will  admit,  on  the  other  hand,  many 
ores  that  cany  a  low  percentage  of  iron,  but  few  or  no  injuri- 
ous elements.  Iron  is  never  found  chemically  pure  in  nature, 
except  perhaps,  in  some  meteorites,  where  it  is  a  mere 
curiosity,  while  the  limited  supply  from  this  source  makes  it 
of  no  practical  value.  Chemically  pnre  iron  is  soft  and 
ductile,  has  a  high  melting  point,  and  can  be  forged  and 
welded. 

The  rich  ores  of  iron  contain  from  60  to  68  per  cent,  of 
metallic  iron,  while  those  low  in  iron,  called  lean  ores,  may 
contain  only  from  30  to  40  per  cent.  In  the  United  States, 
very  few  furnaces  are  running  on  ore  containing  less  than 
50  per  cent,  of  iron.  The  impurities,  which  consist  of  oxy- 
gen, silicon,  phosphorus,  lime,  sulphur,  magnesia,  aluminum, 
manganese,  titanium,  etc.,  occur  in  very  small  amounts. 

2.  Blast  Furnace.' — Iron  is  reduced  from  its  ores  by 
fusing  them,  together  with  lime,  in  a  blast  turnaco;  the 
lime  acts  as  a  flux,  and  is  obtained  by  the  use  of  limestone 
and  marble.  A  blast  furnace  is  usually  an  iron  shell  lined 
with  some  refractory  substance,  such  as  firebrick  or  fireclay, 
and  on  the  outside  looks  like  a  tall  stack  or  chimney.     Into 
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it  alternate  layers  of  fuel,  flux,  and  iron  ore  are  thrown,  the 
fuel  fired,  and  the  whole  mass  raised  to  a  hijfh  temperature 
by  means  of  an  air  blast,  to  hasten  the  combustion.  The 
blast  furnace  is  continuous  in  its  operation;  the  ore,  flux, 
and  fuel  are  charged  into  the  top  of  the  furnace,  and  the 
ore  and  flux  are  melted  by  the  intense  heat  and  tapped  out 
at  the  bottom.  The  amounts  of  fuel,  limestone,  and  ore 
n(ust  be  carefully  calculated  in  order  that  the  ore  may  be 
properly  reduced.  The  furnace  is  so  operated  that  the  impuri- 
ties in  the  fuel  and  ore  may  combine  with  the  flux  in  the 
form  pf  slag:,  which  is  lighter  than  the  iron  and  floats  on  its 
surface.  It  is  tapped  from  a  hole  at  the  side  of  the  furnace, 
above  the  hearth  or  bottom,  while  the  iron  is  tapped  from  a 
hole  at  the  front  and  bottom  of  the  furnace  and  flows  into 
iron  or  sand  molds  where  it  cools.  The  form  of  cast  iron 
obtained  by  this  process  is  called  pig  Iron. 

3.  Nature  and  Composition  of  Cast  Iron. — The  best 
and  purest  grades  of  cast  iron  are  made  in  blast  furnaces 
using  charcoal  for  fuel.  This  is  due  to  the  fact  that  charcoal 
does  not  contain  sulphur,  while  coal  and  coke  do;  and  also 
because  the  ash  is  of  such  a  nature  that  the  impurities  pass 
into  the  slag  rather  than  into  the  iron.  Cast  iron,  as  made  by 
blast  furnaces,  generally  contains  from  92  to  96  per  cent,  of 
metallic  iron.  The  other  4  to  8  per  cent,  consists  chiefly  of 
impurities  in  the  form  of  carbon,  silicon,  manganese,  phos- 
phorus, and  sulphur,  from  2  to  6  per  cent,  being  carbon. 
While  it  is  true  that  the  five  elements  mentioned  are  impuri- 
ties in  iron,  the  first  four  are  really  the  elements  that  mal^e 
cast  iron  of  commercial  value.  Cast  iron  has  a  granular  or 
crystalline  structure,  and  is  hard  and  brittle.  It  can  be  cast 
in  almost  any  desired  shape,  but  cannot  be  forged  or  drawn 
into  wire. 
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PDODLING    PROCESS 

4.  Nature  and  Composition. — Wrought  Iron  has- a 
fibrous  structure  and  can  be  forged  and  welded.  It  is  prac- 
tically free  from  carbon,  silicon,  and  the  other  elements  con- 
tained in  cast  iron.  It  may  be  made  direct  from  the  ore,  but 
the  greater  part  is  made  from  cast  iron  by  the  removal  of  its 
carbon,  silicon,  and  other  impurities,  by  the  puddling  process. 

5.  Hand  Puddling. — In  the  manufacture  of  wrought 
iron  by  hand  puddling,  the  cast  iron  obtained  from  the  blast 


furnace  is  melted  on  the  hearth  of  an  open-hearth  tnr> 
nace,  which  is  ordinarily  of  the  form  shown  in  Fig.  1. 
The  hearth  a  is  usually  made  of  cast-iron  plates  carried  on 
brick  walls  or  on  iron  supports  b,b.  It  is  generally  about 
5  or  6  feet  in  length  and  4  feet  in  width  opposite  the  charging 
door,  and  is  lined  with  a  refractory  substance.  The  roof  ia 
a  firebrick  arch.  The  heat  is  obtained  ordinarily  from  a 
bituminous-coal  fire  in  the  fireplace  c.  The  area  of  the  grate 
varies  from  6  to  10  square  feet  or  more,  depending  on  the 
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character  of  the  iron,  the  draft,  and  the  fuel.  Between  the 
grate  and  the  hearth  is  a  firebrick  wall  d,  called  a  bridge 
vrall,  that  extends  across  the  furnace  and  is  of  sufScient 
height  to  keep  the  fuel  from  getting  over  on  the  hearth,  and 
the  molten  iron  from  running  over  on  the  fuel.  In  many 
cases,  the  bottom  and  sides  of  the  furnace  are  hollow,  and 
have  water  circulating  through  them  to  keep  them  cool. 
Another  bridge  wall  e,  called  the  altar,  prevents  the  metal 
from  overflowing  into  the  flue  leading  to  the  chimney/.  In 
the  middle  of  the  door  g  in  the  side  of  the  hearth  is  an 
opening  large  enough  to  admit  the  puddler's  rabble;  this  is 
a  long  iron  bar  with  which  the  melting  charge  of  metal  and 
slag  is  stirred  by  the  workman. 

The  furnace  is  charged  with  500  pounds  of  pig  iron,  which 
is  carefully  placed  on  the  bed  of  the  furnace  or  is  broken  up 
and  piled  around  the  sides.  When  the  charge  is  melted,  the 
puddler  stirs  the  fluid  mass  with  his  rabble,  while  his  assistant 
changes  the  draft  and  the  fire  to  suit  the  different  stages  of 
the  process.  The  impurities  of  the  iron  are  taken  up  by  the 
molten  flux  or  burned  out.  In  about  an  hour,  pasty  masses 
of  metal  begin  to  appear,  which  the  puddler  works  into 
spongy  balls  weighing  from  60  to  80  pounds  each.  These 
are  well  worked  at  a  high  temperature  to  get  rid  of  the 
slag,  and  finally  removed  from  the  furnace  and  hammered 
or  squeezed  into  the  form  called  a  bloom.  The  bloom  is 
then  taken  to  the  rolling  mill,  and  rolled  into  various  com- 
mercial forms. 

6.  Mechanical  Puddling. — In  the  various  puddling 
machines  in  use  the  flame  is  led  from  the  firebox  to 
a  hearth  of  varying  form  and  construction,  moved  by 
machinery.  In  some  forms  this  hearth  is  barrel-shaped  and 
turns  on  a  horizontal  axis.  In  other  forms  it  is  circular, 
and  is  so  arranged  that  it  may  be  mounted  on  a  vertical 
shaft  and  rotated;  but  in  one  form  the  hearth  slants  at  an 
angle  of  from  10°  to  15°  from  the  horizontal.  In  most  cases 
the  metal  is  further  stirred  or  mixed  by  broad-bladed  rabbles 
operated  by  the  workmen  or  by  machinery. 
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The  advantages  claimed  for  these  machines  are  that 
greater  masses  of  metal  may  be  handled  and  that  there  is 
greater  uniformity  of  the  product,  together  with  a  saving  of 
fuel,  time,  and  expense.  Hand  puddling  is  also  injurious  to 
the  health  of  the  workmen.  v 

7.  Effects  of  Beheattng  Wpougbt  Iron. — It  has  been 
found  by  experiment  that  the  strength  of  the  puddled  iron, 
as  rolled  into  the  bar,  is  increased  each  time  it  is  heated  and 
worked,  up  to  about  the  sixth  working.  Each  heating  and 
working  beyond  this  point  decreases  the  strength,  until  at 
about  the  twelfth  it  will  be  as  weak  or  weaker  than  after  the 
first  rolling  from  the  puddled  bar.  Careless  heating  may, 
however,  injure  the  iron  in  one  or  two  beats. 


FORGING  OPERATIONS 


DEFINITIONS 

8.  The  operation  of  shaping  or  forming  metal  by  ham- 
mering or  pressing  is  termed  forslng. 

The  process  of  stretching  a  piece  of  metal  in  one  or  more 
directions,  either  by  hammering  or  by  pressure,  is  called 
draining.  In  the  blacksmith  shop,  the  term  always  indi- 
cates a  decrease  in  the  area  of  cross-section  of  the  piece,  with 
a  corresponding  increase  in  its  length  or  breadth. 

By  the  term  bending  is  usually  meant  the  turning  or 
forming  of  the  iron  in  such  a  manner  as  to  deflect  it  from 
a  straight  line.  The  finished  product  may  be  a  curved  or  an 
angular  piece. 

In  the  operation  of  tMrlattnfi;  an  iron  bar,  the  fibers  are 
wound  around  each  other  spirally.  No  change  in  the  direc- 
tion of  the  axis  of  the  piece  takes  place.  Fig.  11  shows  a 
hook  that  has  the  straight  portion  between  the  eye  and  the 
hook  twisted, 

Upsettlnur  is  the  operation  of  increasing  the  thickness  of 
a  piece  of  iron  by  shortening  it. 
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Forming  refers  particularly  to  the  process  of  givingf  a 
desired  form  or  shape  to  a  piece  of  metal  by  hammering,  or 
by  means  of  specially  formed  dies  between  which  or  into 
which  the  metal  is  pressed  or  hammered. 

WeiaiDK  is  the  process  of  uniting;  two  pieces  of  metal  into 
one  solid  piece  by  heating  them  to  a  welding  heat  and  ham- 


mering or  pressing   them  together.     For  wrought  iron,   a 
white  heat  is  necessary  to  soften  the  metal  so  that  it  will  weld. 


BXAMPIiBS  OF  FORGING 


DRAWING 

9.     Position  of  Work  on  Anvil. — In  all  work  on  the 
anvil,  it  must  be  remembered  that  the  anvil  is  crowned  cross- 


wise,  and  the  metal  will  therefore  be  drawn  most  readily  in 
a  direction  at  right  angles  to  the  length  of  the  anvil.  If  the 
piece  is  to  be' drawn  lengthwise,  it  should  be  laid  across 
the  anvil  as  shown  in  Fig.  2;  if  it  is  to  be  drawn  sidewise,  it 
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should  be  held  as  shown  in  Fig.  3.  The  drawing  may  be 
done  by  holding  the  work  across  the  horn  of  the  anvil;  the 
sharper  curve  causes  the  metal  to  flow  more  freely  than  on 
the  face,  but  it  is  more  liable  to  cause  irregularities  in  the 
shape.  When  the  work  is  to  be  straightened,  it  should 
be  laid  lengthwise,  as  sbowa  in  Fig.  3,  because  the  anvil  is 
straight  in  this  direction. 


10.  Hound  DraM'tng. — Drawing  a  bar  of  round  iron 
out  to  a  smaller  diameter  is  one  of  the  easiest  forms  of 
drawing.  The  portion  to  be  drawn  is  marked  with  soapstone, 
and  then  heated  carefully  to  the  highest  temperature  it  will 
stand  without  injury.  It  is  then  taken  from  the  fire,  quickly 
brought  to  the  anvil,  and  hammered  rapidly.  The  diameter 
may  be  reduced  by  two  methods,  first  by  keeping  it  as  nearly 
round  as  possible  during  the  entire  process,  and,  second,  by 
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drawing  it  to  a  square,  then  to  a  round.  B7  the  first 
method,  the  piece  is  turned  a  little  after  each  blow  and  kept 
as  nearly  round  as  possible,  and  finished  with  the  hand 
hammer  or  with  a  swage,  as  shown  in  Fig.  4.  A  second 
heat  is  sometimes  necessary.  It  is  well  to  turn  the  piece 
from  left  to  right  and  then  from  right  to  left,  because  turning 
it  always  in  the  same  direction  is  liable  to  twist  the  fibers. 
By  this  method  the  iron  is  very  liable  to  split.  To  avoid 
this,  the  second  method  is  often  preferred,  the  piece  being 
drawn  from  a  round  to  a  square,  then  to  an  octagon,  and 
finally  finished  to  a  round  of  the  required  diameter. 

11.     Square  IJraTvlnK- — In  round  drawing,  the  iron  is 
turned  a  very  little  at  a  time,  so  as  to  bring  all  points  under 


the  hammer.  In  square  drawing,  however,  the  iron  must 
always  be  turned  either  one-quarter  or  half  way  around. 
This  requires  some  practice,  as  the  least  variation  in  the 
amount  of  the  turn  will  bring  the  piece  out  of  square.  la 
drawing  a  square  bar  down  to  one  having  a  smaller  section 
of  the  same  shape,  the  sides  of  the  original  bar  help  to  guide 
the  hand  in  making  the  proper  amount  of  turn,  but  if  a  round 
bar  is  to  be  drawn  down  to  one  square  in  section,  the  amount 
of  turn  must  be  entirely  governed  by  the  hand  and  the  eye. 
In  drawing  down  a  square  bar  to  a  square  of  smaller  size, 
the  piece  is  heated  and  brought  to  the  anvil,  holding  one  of 
the  sides  down  flat  and  striking  blows  squarely  on  the  top 
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side,  drawing  it  down  along  its-  entire  length.  It  is  then 
revolved  one-quarter  of  a  turn  and  the  top  side  hammered 
until  the  piece  is  about  square;  the  opposite  side  is  then 
turned  up  and  hammered;  and  finally  the  last  side  is  brought 
under  the  hammer.  The  figures  in  Fig.  5  show  the  order 
in  which  the  sides  are  brought  under  the  hammer.  This 
method  of  turning  the  work  lessens  the  liability  of  getting 
the  piece  twisted,  or  diamond-shaped,  as  shown  in  Fig.  6. 


Fio.  e 
If  it  becomes  twisted  in  this  way,  it  should  be  held  as  in 
Fig.  6  and  struck  in  the  direction  shown. 

If  desired,  the  piece  can  be  finished  under  the  flatter;  in 
this  case  it  is  held  on  the  anvil  lengthwise  and  the  flatter 
held  against  the  upper  face  parallel  to  the  face  of  the  anvil, 
while  the  helper  strikes  a  few  light  blows. 

BBNDIKa 

12.  The  character  of  the  bending  operations  done  on  an 
anvil  depends  on  the  shape  of  the  section  of  the  piece  to  be 
worked — whether  it  is  round,  square,  hexagonal,  oblong,  or 
of  other  shape — and  on  the  size  of  the  section.  For  instance, 
the  operation  of  bending  a  square  bar  is  very  different  from 
the  operation  of  bending  a  wide  but  thin  plate,  having  the 
same  area  of  cross-section,  to  the  same  shape. 

Smalt  sizes  of  rods  may  be  bent  easily  by  placing  them  in 
the  hardie  hole,  or  the  pritchel  hole,  of  the  anvil  to  the  point 
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at  which  the  bend  is  desired,  and  bendine  the  end  over. 
Some  pieces  may  be  bent  by  doine  the  work  entirely  over 
the  face  of  the  anvil,  whereas  other  pieces  are  bent  over 
both  the  horn  and  the  face  of  the  anvil  at  various  stages  of 
the  operation. 

13.  An  Eye  Hanger. — Suppose  that  it  is  desired  to 
form  the  eye  pipe  hanger  shown 
in   Fig.    7,   to   support   a   pipe 

^^^^^^^2  ^i  inches  in  diameter;  the  eye  is 
to  be  bent  to  the  form  shown, 
but  not  welded.  A  rod  i  inch 
in   diameter  and  slightly   over 

2  feet  lone  is  taken  and  marked  at  a  distance  of  6  inches 

from  one  end;  this  end  is  then  heated  to  a  bright  red  up  to 

the  point  marked.     The  cool  end  of  the  rod  is  grasped  with 

the  left  hand,  and  the  marked  point  on  the  heated  end  is 

placed  over  the  farther  edge  of  the  face  of  the  anvil,  or  over 

the   horn    near   its   point.      The 

heated   end,    which    projects,    is 

then  bent  down  so  that  it  points 

nearly  at  right  angles  to  the  rest 

of   the    rod.      The   rod   is   then 

turned  on  its  axis  half  way 

around   so   that   the  heated  end 

points  up  instead  of  down.    The 

very  end  of   the   heated   part  is 

then    brought    down    so   that   it 

projects  slightly  over  the  end  of 

the  horn,  as  shown  in  Fig.  8.  and 

the  end  of  the  rod  is  bent  gradu-  ^'°- ' 

ally  by  light  hammer  blows  into  a  ring  as  shown  in  Fig.  7. 

14.  Forglag  a  Staple. — If  a  staple,  like  the  one  shown 
in  Fig.  9,  is  to  be  made  out  of  a  piece  of  i-inch  round  iron, 
the  required  length  is  first  marked  off  on  the  bar.  On  this,  a 
distance  of  1  inch  from  the  end  is  marked  off,  and  the  end  is 
heated  and  drawn  to  a  square  point  Ij  inches  long.  The 
piece  is  then  cut  off  from  the  bar,  using  the  hardie,  as  shown 
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n  Fie.  10,  and  making  the  piece  5j  inches  long,  over  all. 

The  other  end  is  marked  and  drawn  out  to  a  point  the  same 
as  the  first,  keeping  both  squares  in  line.  The  piece  will 
now  be  about  6i  inches  long.  J  inch  round  in  the  middle, 
with  a  square  tapering  point  Ij  inches  loDg  at  each  end. 
The  center  of  the  piece  is  then  marked  and  heated,  and  the 
piece  bent  over  the  horn  of  the  anvil  to  the  shape  shown  in 
Fig.  9,  making  the  distance  between  the  two  straight,  paral- 
lel ends  i  inch.  In  bending  over  the  horn  of  the  anvil,  the 
piece  is  held  against  the  large  part  of  the  horn  and  bent 


fr^ 
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by  light  hammer  blows,  turning  it  to  keep  it  round;  then 
while  hammering  it  the  piece  is  gradually  brought  toward 
the  point  of  the  horn.  When  bent,  the  curve  should  be 
uniform  and  the  two  ends  of  the  same  length.  If  it  is 
warped  or  twisted,  it  is,  flattened  on  the  anvil  with  the  ham- 
mer or  the  flatter.  


15.  Porgrlng  a  Gate  nooh. — If  a  hook,  like  the  one 
shown  in  Fig.  11,  is  to  be  made  of  i-inch  square  iron,  the 
operation  will  be  about  as  follows:     It  will  take  about  4  inches 
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of  stock  to  make  the  hook,  aad  this  length  ts  mariced  off  from 
the  end.  It  is  then  heated  and  drawn  out  until  it  calipers 
I  inch  square,  whea  it  will  be  about  5^  inches  long.     A  length 

7  of  ij  inches  is  then 
marked  off  from  the 
*^  end  and  drawn  to  a 
round   of   -^    inch 
diameter,     keeping 
one  side  straight,  as 
shown  at  rf.  Pig.  12. 
formed  over  the  edge  of  the 
By  striking  the  upper  edge  with 
shown,  the  top  will  remain  straight  at  d. 


after  which  it  can  be  finished  with  the   swage   to  make  it 
perfectly  round.     A  length  of  }  inch  is  then  marked  off  on 
the  -^-inch  end  and  the  point  drawn  down  round,  as  indi- 
cated  by    the    dotted 
lines,     Fig.  '  12.       The 
entire  piece  is  then  cut 
off   from    the    bar   and 
the   other    end    of    the 
1-inch    square    marked 
off,    making    the    dis- 
tance    between     the 
shoulders     2j   inches, 
and    drawn    to    i    inch 
round,     as     shown    in 
Fig.     12,     keeping     it 
straight  at  e  and  form- 
ing   a    shoulder   at    k.  fio.is 
The    i-inch  round  part  is  bent  into    a   ring   over  the  horn 
and    the    A-inch    round    end    is    bent    into    the   book,   as 
shown  in  Fig.  15.     In  bending  the  hook  and  the  ring,  the 
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piece  is  held  with  one  round  end  projecting  over  the  far- 
ther edge  of  the  anvil,  and  this  projecting  end  is  bent  tiack 
ontil  it  has  the  shape  shown  in  Fig.  14.  The  other  end 
is  then  bent  in  this  way,  and  the  ring  and  hook  formed  over 
the  horn  of  the  anvil  by  light  hammer  blows. 

16.  Twlstln^r  the  Hook. — Lengths  of  i  inch  are  now 
marked  oS  on  the  square  part  from  the  shoulders  /  and  A, 
giving  the  points  Jk  and  p.  Fig.  15.  The  portion  between  i 
and  fi  is  then  brought  to  an  even  red  heat  and  twisted.  To 
do  this,  the  piece  is  clamped  vertically  in  the  vise  by  the  hook 
end,  as  shown  in  Fig.  16,  with  the  point  Jk  at  the  top  edge  of 
the  vise  jaw,  and  a  monkeywrench  is  Stted  to  the  ring  end, 
immediately  above  the  point  fi.  The  wrench  is  then  given 
one  complete  turn,  twisting  the  square  part  as  shown  in 
Fig.  11.  If  it  has  become  bent,  it  may  be  straightened  by 
hammering  it  between  two  blocks  of  wood  on  the  anvil  so  as 
to  avoid  battering  the  sharp  edges. 


UPSETTING 

17.  RammlnjB;. — When  it  is  desired  to  upset,  or 
thicken,  a  portion  of  a  piece  of  iron,  this  part  is  heated  to  a 
bright  red,  the  rest  of  the  bar  being  kept  cool  by  pouring 
water  over  it  with  the  sprinkler.  When  sufficiently  heated, 
the  piece  is  brought  to  the  anvil  and  upset,  either  by  ram- 
ming or  with  the  hammer. 

If  the  bar  is  from  2  to  3  feet  long  and  is  to  be  upset  at  the 
end,  the  heated  end  of  the  bar  is  rammed  against  the  face  of 
the  anvil,  as  shown  in  Fig.  17,  or  on  a  block  of  iron  bedded 
in  the  ground,  called  a  bumpinf^  block.  The  entire  energy 
of  the  blow  is  concentrated  at  the  hot  end  of  the  rod,  and 
drives  the  particles  of  the  iron  near  the  end  together  in  the 
direction  of  the  blow;  this  bulges  out  the  iron  where  it  is  hot. 

18.  Upsetting  With  a  Hammer. — If  the  bar  is  short, 
it  may  be  brought  to  the  anvil  with  a  pair  of  tongs,  as  shown 
in  Fig.  18,  and  held  vertically  on  the  anvil  with  the  hot  end 
Up  and  the  heated  end  hammered,  or  with  tlie  hot  end  down 
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and  the  blows  struck  on  top  of  the  cold  end.  By  the  second 
method,  the  heated  end  is  constantly  in  contact  with  the 
cold  face  of  the  anvil  and  will  therefore  cool  very  rapidly; 
the  result  is  that  the  bar  will  not  spread  so  much  on  the  end 


Fio.l? 

but  the  bulge  will  extend  up  a  little  farther  than  by  the  other 
method.  In  the  same  manner  an  upset  may  be  made  at  any 
point  on  the  bar. 

19.     Precautions  In  Upsetting. — If,  in  upsetting  a  bar, 
it  begins  to  bend  after  a  few  blows  have  been  struck,  the 
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piece  must  be  straightened  at  once,  for  any  blows  struck  end- 
wise on  a  bent  bar  will  not  have  much  effect  in  upsetting  it, 
but  will  only  bend  the  bar  more  and  make  the  straightening 
harder.  For  upsetting,  a  good  heat  is  required;  in  fact,  it  is 
well  to  make  the  final  heat  a  welding  heat,  because  upsetting 
often  separates  some  of  the  fibers,  and  by  taking  a  welding 


Pio.  IS 
heat  over  the  piece  and  hammeritig  it  on  the  sides  a  little, 
all  loose  fibers  will  be  welded  together  again. 


MARINO    A    BOLT 

20.  Square-Headed  Bolt.— If  a  i-inch  bolt.  Fig.  19,  is 
to  be  made  out  of  a  J-inch  round  rod,  the  end  of  the  rod  is 
heated  and  upset.  When  enough  metal  has  been  upset  to 
form  the  head,  the  enlarged  end  is  reheated  and  the  cold 
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end  of  the  bar  passed  through  a  suitable  hole  in  the  swage 
block,  or  through  the  heading  tool.  If  the  latter  is  used, 
it  is  laid  on  the  anvil  so  that  the  body  of  the  bolt  passes 


B 


m^t 
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through  the  hardie  hole.  The  upset  end  is  then  hammered 
down  against  the  swage  block  or  heading  tool,  as  shown 
in  Pig.  20,  until  the  head  is  -^  inch  thick,  and  the  piece 
driven  out  of  the  heading  tool.     The  head  is  then  shaped 


square  with  a  hand  hammer.  If,  after  the  sides  of  the  head 
are  properly  formed,  it  is  found  that  the  head  is  longer  than 
it  should  be,  it  is  laid  on  a  piece  of  soft  iron  placed  on  the 
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anvil  and  the  extra  length  cut  off  with  the  hot  cutter.  After 
this,  the  bolt  is  put  back  into  the  heading  tool  and  the  head 
is  Snished  with  the  hammer;  the  bolt  is  then  cut  off  to  the 
desired  length,  and  the  barrs,  or  rough  edges,  on  the  end 
are  hammered  down. 

21.  Bolt  Header. — When  a  large  number  of  bolts  are 
to  be  made,  it  is  well  to  use  a  bolt  header,  one  form'  of 

which  is  shown  in 
Fig.  21.  The  frame 
is  of  cast  iron  and 
quite  heavf ;  steel  dies 
are  provided  for  bolts 
of  different  sizes,  usu- 
ally varying  by  i  inch, 
although  occasionally 
T^-inch  and  -A-inch 
dies  are  used.  The 
length  of  the  bolt  is 
determined  by  a  steel 
block  (I  provided  with 
notches  that  engage  a 
series  of  notches  on 
the  frame  of  the 
machine.  This  block 
may  be  set  for  any 
length  of  bolt  within 
its  range.  The  iron 
may  be  cut  to  length 
so  as  to  leave  the 
right  amount  of  stock 
Pie.  n  to  make  the  head  with- 

out any  trimming.  The  dies  are  closed  to  grip  the  iron  by 
means  of  the  foot  treadle  b  and  the  head  formed  with  a 
hammer.  The  dies  fit  in  the  top  of  the  machine  at  c,  the 
two  dies  forming  a  heading  tool. 

22.  T-Headed  Planer  Bolt. — The  method  of  making  a 
T-beaded  planer  bolt  is  as  follows:    Suppose  that  the  bolt  is 
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to  be  made  from  a  f-inch  round  rod;  the  size  and  form  of  the 
head  for  the  bolt  are  shown  in  Pig.  22,  indicated  by  the  dimen- 
sions and  letters  of  the  top  and  side  views.  The  points  abed 
of  the  head  in  the  top  view  correspond  to  the  points  iJydW 
in  the  side  view.  First  the  shape  of  the  head  is  made 
oblong  in  cross-section,  as  indicated  in  the  top  view  by  the 
letters  aecf,  and  i  inch  thick.  The  end  of  the  rod  is  then 
heated  and  upset;  but  the  upsetting  is  not  a  continuous 
operation;  it  must  alternate  with  hammer  work  to  keep  the 
sides  ai  and  ec  parallel.  For  the  latter,  the  bolt  is  laid  flat  on 
the  face  of  the  anvil  with  first  one  side  ec  placed  uppermost 
to  receive  the  blows  of  the  hammer,  and  then  the  opposite 
side.  Also,  the  head  is  frequently 
moved  beyond  the  edge  of  the  anvil  and 
is  struck  with  the  hammer  for  the  pur- 
pose of  both  forming  and  upsetting  it. 
This  process  of  upsetting  and  forming  is 
continued  until  the  amount  of  metal  upset 
is  sufficient  to  form  the  desired  head. 
This  is  then  heated  and  the  cold  end  of 
the  rod  is  passed  through  the  right  size 
of  hole  in  a  swage  block,  or  through  a 
heading  tool,  and  the  inside  face  of  the 
head  is  worked  to  shape.  But  this  latter  ,  , 
caunot  be  done  at  one  operation,  for  the  T  | 
side  faces,  shown  in  the  top  view  a*  at 
and  cl,  must  be  brought  to  shape  with  nu. « 

the  hammer.  The  final  shape  of  the  head  shown  in  the  top 
view  by  a  ff /is  obtained  by  dressing  the  side  laces  ae,e£,cf, 
and  fa  and  the  end  face  of  the  head  with  the  hammer,  and 
by  finishing  the  inside  face  on  the  swage  or  heading  tool. 
The  lengths  ei>  and  fd,  each  equal  to  i  inch,  are  marked  oflE 
with  a  soapstone  pencil  or  a  hand  chisel  and  the  portions  of 
the  head  ae6  and  cfd  are  then  cut  off  with  the  hot  cutter. 
The  angles  ^ad  and  *  erf  are  approximately  equal  to  65°,  and 
hence  if  the  bevel  is  used  it  may  be  set  to  this  angle  and 
used  to  test  the  angles  between  the  faces.  It  is  not  desirable 
that  the  edges  at  a  and  c  be  made  sharp.    The  head  of  the 


rff 


sasiGoOi^lc 


20  IRON  FORGING  §57 

bolt  is  made  thin  so  that  it  will  break  off  before  the  pressure 
becomes  great  enough  to  injure  the  lip  of  the  T  slot  on  the 
cast-iron  planer  table.  The  head  of  the  bolt  is  given 
the  shape  shown  in  Pig.  22  so  that  it  will  not  turn  in 
the  T  slot,  when  the  nut  is  tightened.  After  the  head  is 
properly  formed,  the  bolt  is  cut  to  the  required  length. 

23,     HaktnK  a  Hexaigronal  Bult  Head. — If  it  is  desired 
-to  form  a  hexagonal,  or  six-sided,  head  on  a  i-inch  bolt  of 


^ 


the  dimensions  shown  in  Fig.  23,  the  end  of  a  (-inch  round 
rod  is  heated  and  upset.  When  enough  metal  has  been 
upset  to  form  the  head,  the  cold  end  of  the  bar  is  passed 
through  a  suitable  hole  in  the  swage  block  or  the  heading 
tool,  and  the  inside  face  of  the  head  is  surfaced  around  the 
shank  of  the  bolt  as  described  for  a  square-beaded  bolt. 

The  head  is  then  shaped  in  a  three-sided  groove  of  proper 
size,  which  is  usually  formed  on  the  surface  of  the  swage 
block.  The  swage  block  is  placed  so  that  the  groove  is  hori- 
zontal and  the  opening  is  on  top.     The 

inside  face  of  the  head   is  trued  up,  as 

before,    and    the    side    faces    are    again 
touched  up  with  the  swage,  after  which 
the  head,  if  it  is  too  long,  is  marked  for 
Fia.M  the  proper  thickness  and  the  end  cut  off 

with  the  hot  cutter.  A  hand  hammer  is  also  used  in  the 
final  dressing  of  the  head.  A  cup-shaped  swage  may  be 
used  for  finishing  the  top  of  the  head  into  the  rounded  shape 
shown  in  Fig.  24. 

The  bolt  is  finally  cut  to  the  proper  length,  which  in  this 
:ase  is  5  inches,  and  the  burrs  on  the  edges  dressed  down 
with  the  hammer. 

24.  Stock  for  Bolts. — Iron  bolts  can  be  made  from 
bars  of  the  same  diameter  as  the  diameter  of  the  bolt,  the 
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beads  beine  made  by  welding  on  rings  or  by  upsetting  the 
stock.  Steel  bolts  must  be  made  from  bars  as  large  or 
larger  than  the  head,  and  the  body  drawn  down  to  the 
required  size. 

MAKING    AN    ANGLE 

25.     If  an  an^rle,  like  the  one  shown  in  Fig.  25,  is  to  be 
made  from  a  bar  of  i-inch  square  iron,  it  will  be  necessary 


^^ 


to  npset  the  bar  in  the  center  to  give  the  additional  stock 
required  for  the  comer.  About  8}  inches  of  stock  is  cut  o£E, 
and  the  center  heated  and  upset  to  I  inch  diameter,  as  shown 
in  Fig.  26.  The  piece  is  then  bent  at  right  angles  in  the 
center  by  sticking  one  end  through  the  hardle  hole  down  to 


the  heated  center  and  bending  the  other  end  toward  the 
aavil,  as  shown  in  Fig.  27.  To  make  the  comer  sharp,  the 
piece  is  held  on  the  face  of  the  anvil,  as  shown  in  Fig.  28, 
and  the  angle  made  true  by  hammering.  When  striking  the 
blows  the  hammer  is  drawn  as  shown  by  the  arrow  in  Fig.  28; 
this  draws  the  iron  toward  the  comer.  The  piece  is  finished 
t  inch  square  with  the  flatter,  and  the  ends  cut  to  an  equal 
length  on  the  bardie,  and  then  squared  with  the  hammer. 
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MAKTNO    A    SHALIi    CHAIN    HOOK 

26.  If  the  chain  hook,  shown  in  Pie.  29,  is  to  be  made 
from  a  bar  of  i-inch  round  iron,  about  6i  inches  of  stock  is 
required.  The  end  will  have  to  be  upset  to  provide  stock 
for  the  eye  of  the  hook.  To  provide  enoueh  stock  to  make 
the  eye,  a  length  of  H  inches  is  marked 
off  from  the  end  of  a  bar,  and  the  end 
heated  and  upset  as  shown  in  Pig.  18, 
until  the  original  li  inch  length  is  short- 
ened to  1  inch.  The  piece  is  then 
flattened  down  to  i  inch  in  thickness, 
making  the  upset  portion  circular  and  i 
about  1  inch  in  diameter,  as  shown  in  | 
Pig.  30. 

27.  FormtniT  the  Bye. — In  flatten- 
ing the  upset  portion  down  to  i  inch  in  ^^-  * 
thickness,  it  should  be  spread  sidewise  as  much  as  possible. 
If  it  draws  out  in  length,  it  may  be  upset  a  little  in  a  swage 
or  heading  tool,  or  it  may  be  upset  on  the  edge  of  the  anvil 
as  shown  in  Pig.  31.  When  the  head  has  been  formed,  it  is 
heated,  and  a  J-inch  hole  put  through  with  the  punch,  which 
should  be  kept  cold  by  dipping  it  in  water  before  and  after 


VL^ 


it  is  used.  After  the  hole  is  started,  the  punch  is  held 
aside  to  see  whether  it  is  in  the  center;  if  it  is,  the  punch  is 
driven  down  well  and  the  piece  is  turned  over  and  punched 
from  the  other  side,  where  the  iron  shows  a  black  circular 
spot.  The  core  is  driven  out  through  the  bardie  hole  or 
through  the  pritchel  hole.  Some  smiths  put  a  little  coal  or 
coke  dust  into  the  hole  after  it  has  been  started  and  then 
finish  the   hole   by   driving   the   punch   on   top   of  it;  this 
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keeps  the  point  of  the  punch  cool  and  prevents  it  from 
sticking  in  the  hole. 

When  the  hole  has  been  punched,  the  eye  of  the  book  is 
raised  to  a  welding  heat  and  worked  over  to  weld  up  any 
parted  fibers  or  split  places.  For  this,  the  punch  is  put  into 
the  hole  and  left 
there  while  hammer- 
ing the  eye.  The 
punch  is  driven  down 
occasionally  to  keep 
it  tight;  this  will 
spread  the  bole  to 
about  i  inch  in  diam- 
eter. 

Another  method  of 
making  the  eye  is  to 
take    a    sufficient 
^•^■^  length  of  material  to 

form  the  eye  of  the  hook  by  bending  the  end  of  the  rod 
around  a  pin,  a  mandrel,  or  the  end  of  the  horn  of  the  anvil. 
The  eye  end  of  the  rod  is  first  scarfed  as  shown  at  a, 
Fig.  32  (a),  and  is  bent  around  to  form  the  eye  as  shown 
in  Fig.  32  (d),  after  which  the  end  is  welded.    These  latter 
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operations  will  be  described  in  detail  under  separate  head- 
ings in  connection  with  welding  operations. 

28.  Bendtnfi;  the  Hook, — The  comers  are  next  rounded 
and  the  hook  bent  into  the  required  shape  by  holding  it  on 
the  horn  of  the  anvil  and  striking  it  with  a  light  hammer. 
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FORGING    ROD    STRAPS 

29.  ForirlDK  a  Strap  to  Size. — To  make  a  rod  strap 
of  the  form  shown  in  Fig.  33  (a),  select  stock  of  the  width 
showD  at  a  in  Fig,  33  (6),  and  thicker  than  ^  by  a  sufficient 
amount  to  form  the  comers  6  in  Fig,  33  (c).  Draw  this 
stock  to  the  form  shown  in  Fig,  33  (c),  leaving  the  sides 
slightly  thicker  at  c  than  they  will  be  in  the  finished  strap,  as 
they  will  draw  in  the  bending,  and  being  careful  that  the 
hammer  leaves  no  ridges,  which  would  tend  to  start  cracks, 
sometimes  called   g^ulds,   in  the  comers,   which   become 


c 
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deeper  as  the  work  progresses.  Next,  take  the  stock  in  the 
tongs,  and,  holding  it  as  shown  in  Fig.  33  [d),  proceed  to 
bend  it,  using  a  large  fuller  to  start  the  bend,  as  by  starting 
in  this  way  the  iron  is  not  cramped  at  the  comers.  Any 
ridges  left  by  the  hammer  may  be  taken  out  by  the  fuller 
when  starting  the  bend. 

After  the  bends  have  been  started  as  shown  in  Fig,  33  (rf) , 
place  the  stock  in  clamps,  or  hold  it  in  the  steam  hammer 
in  the  manner  shown  in  Fig,  33  (f).  This  may  be  done 
by  lowering  the  upper  die  d  on  the  upper  one  of  two  blocks  b 
and  c,  between  which  the  stock  is  held,  and  holding  it  firmly 
by  means  of  the  steam  pressure.  Next,  have  two  helpers, 
one  on  each  side,  sirike  simultaneously  on  the  ends  until  the 
piece  has  the  form  shown  in  Fis-  33  (/).     Take  a  heat  on 
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one  comer  by  placing  the  side  s  down  in  the  fire;  and  by  using 
the  flatter,  bring  the  side  to  the  shape  shown  in  Fig.  33  (^) , 
and  repeat  this,  on  the  other  corner  and  side.  It  will  be 
necessary  during  this  operation  to  nse  the  flatter  on  the  strap, 
which  is  held  as  shown  in  Fig.  33  (A),  in  order  to  make  the 
end  of  the  proper  shape. 

30.  Forging  a  Strap  and  Trimming  to  Size. 
Another  way  to  make  this  strap  is  to  use  wider  stock  and 
forge  it  to  the  form  shown  in  Fig.  34  (a).  The  sides  are 
then  bent  in  the  same  manner  as  in  the  operation  just 
described,  and  the  strap  brought  to  shape  as  before.  The 
end  is  formed,  however,  by  cutting  oS  the  excess  of  stock 
that  has  been  allowed  there,  as  shown  by  the  dotted  line  in 
Fig.  84  (*).  

WVLDING 

CONDmOlTB    QOTXBNINe    WXU>IH6 

31.  Object  of  Welding. — It  is  often  necessary  to  join 
together  two  pieces  of  iron,  or  the  ends  of  the  same  piece,  so 
that  the' joint  will  form  one  solid  mass.  In  such  cases,  the 
pieces  are  vrelded  together. 

Bach  of  the  pieces  treated  thus  far  has  been  made  of  a 
single  piece  of  iron,  but  very  frequently  it  would  be  incon- 
venient or  impracticable  to  make  the  forging  out  of  one 
piece.  If  so,  several  pieces  are  welded  together,  and  the 
forging  is  said  to  be  built  up. 

32.  Oxidation  ot  Iron. — If  a  piece  of  iron  is  heated  in 
air,  it  will  absorb  oxygen  from  the  air,  thus  forming  a  scale 
of  oxide  of  iron  on  the  surface.  The  hotter  the  iron,  the 
more  rapidly  the  scale  will  form.  It  does  not  adhere  to  the 
iron  very  firmly,  and  surfaces  coated  with  it  cannot  be 
welded.  It  is  therefore  very  important  to  guard  against 
oxidation  of  the  surface  of  the  iron  if  a  weld  is  to  be  made, 
because  the  scale  of  oxide  will  lie  between  the  two  surfaces 
of  the  iron  and  prevent  their  coming  in  contact;  and 
under  these  conditions  it  will  not  squeeze  out  if  the  pieces 
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are  pressed  and  hammered  together.  Two  methods  are 
employed  to  guard  against  the  oxidation;  namely,  the  use  of 
a  reducing  fire  in  heating,  and  the  use  of  suitable  fluxes. 
By  both  of  these  methods  the  hot  iron  is  prevented  from 
coming  in  contact  with  the  oxygen  of  the  air. 

33,  Bednclng  Fire. — A  reduolnfir  fire  is  one  in  which 
all  oxygen  is  consumed  in  the  combustion,  so  that  the  gases 
coming  in  contact  with  the  iron  do  not  contain  any  oxygen 
that  can  unite  with  the  iron.  Under  this  condition  no  oxida- 
tion can  take  place,  and  the  surface  of  the  iron  will  remain 
clean.  This  condition  is  obtained  in  a  closed  fire  by  having 
a  thick  bed  of  fire  for  the  air  to  pass  through  before  coming 
in  contact  with  the  iron  and  by  maintaining  a  moderate  blast. 
If,  however,  the  blast  passes  through  a  thin  bed  of  fuel  or  if 
more  air  is  blown  through  than  the  fire  needs,  the  unused 
oxygen  will  oxidize  the  iron.  Therefore,  a  thick  fire  should 
always  be  maintained,  and  the  blast  regulated  so  as  to  supply 
just  enough  air  and  not  too  much. 

34.  Fluxes. — The  other  method  for  preventing  the  oxi- 
dation is  to  coat  the  surface  of  the  iron  with  some  substance 
that  will  exclude  the  air.  It  must,  of  course,  contain  no 
oxygen  that  will  unite  with  the  iron.  It  must  be  fluid  at  a 
heat  below  the  welding  heat  of  iron  and  still  not  become  so 
fluid  at  the  welding  heat  that  it  will  run  off  and  leave  the 
iron  exposed  as  before. 

Substances  used  for  preventing  the  formation  of  scale  on 
the  iron  when  being  heated  for  welding  are  called  flnzes. 
Strictly  speaking,  most  of  them  form  a  fusible  mixture  with 
the  iron  oxide,  which  offers  the  desired  protection  to  the 
iron,  but  they  use  up  some  of  the  iron  to  make  this  mixture, 
therefore  wasting  it.  This  mixture,  however,  is  so  liquid 
that  it  will  squeeze  out  from  between  the  surfaces  being 
welded,  thus  leaving  clean  surfaces  of  iron  to  be  welded 
together.  There  are  many  kinds  of  fluxes.  Some  of  these 
consist  of  a  mixture  of  several  substances.  The  most  com- 
mon flux  for  wrought  iron  is  clean,  sharp  sand;  this  fuses 
readily  on  the  surface  of  the  iron  and  sticks  to  it  during  the 
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heat,  thus  exclndine  the  air.  A  verjr  good  flux  for  iron,  but 
one  that  canuot  be  used  on  steel  because  it  tends  to  reduce 
the  carbon,  can  be  made  by  mixing  2  ounces  of  calcined 
borax  and  1  ounce  of  sal  ammoniac.  Calcined  borax  is  a 
good  flux  for  steel.  It  is  made  bj  heating  borax  in  an  iron 
pot  until  the  water  is  driven  off.  The  mass  is  then  cooled 
and  pulverized.     Calcined  borax  is  also  called  borax  glass. 

Sand  and  borax  are  very  good  fluxes  for  iron  alone;  but  it 
is  well  to  have  a  flux  that  can  be  used  when  welding  steel  to 
iron.  A  very  good  flux  for  welding  steel  to  iron  is  made  of 
potter's  clay,  wet  with  strong  brine.  This  is  dried  and 
powdered  and  used  like  sand  or  borax.  Another  good  flux 
that  is  not  too  fluid,  and  does  not  injure  steel,  is  made  by 
mixing  3  ounces  of  carbonate  of  potash,  also  called  pearlasb, 
with  1  ounce  of  dry  clay.  This  is  heated  in  an  iron  pot,  and 
when  hot,  4  ounces  of  calcined  borax  is  added.  When  cold, 
it  is  powdered,  and  is  then  ready  for  use. 


CLASSIFICATION    OF    WEIiDS 

35.     Names  of  Welds. — The  different  kinds  of  welds  are 

named  according  to  the  manner  in  which  the  pieces  are  put 


Pio.n 
together;  the  principal  ones  are  scarf  atlds,  butt  welds,  lap 
welds,  cleft  welds,  and  jump  v^lds.     The  selection  of  the  weld 
to  use  depends  on  the  form  of  the  piece,  the  forces  it  is  to 
resist,  and  the  equipmeat  for  making  the  weld. 

36.  Scarf  WeldluK- — In  the  scarf  weld,  the  two  pieces 
are  scarfed;  that  is,  they  are  thinned  down,  as  shown  in  the 
pieces  a  and  b.  Fig.  35.  If  the  iron  is  of  uniform  thickness, 
it  is  flrst  upset  at  the  point  at  which  the  weld  is  to  be  made 
in  order  to  gain  a  little  in  thickness;  after  this,  it  is  scarfed. 
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To  do  this;  the  upset  end  is  thinned  down,  generally  with  the 

peen  of  the  hammer,  drawing  it  out  thin  at  the  point  and 

crowding  the  metal  back  at  the  stock  by  drawing  the  hammer 
as  shown  at  a.  Fig.  36.  Some- 
times the  end  of  a  flat  bar,  after- 
being  upset,  is  tapered  or  scarfed 
by  using  a  fuller,  as  shown  in 
Fig.  37.  This  is  a  quick  and 
effective  way  of  doing  it.  The 
faces  to  be  welded  should  be 
rounded  and  made  higher  at  the 
center,  as  shown  at  b.  Fig.  36, 
so  that  the  pieces  first  come  in 
contact  at  this  point,  in  order  to 
give  the  slag  and  impurities  an 
^"^ "  opportunity    to    squeeze    out    as 

the  weld  is  being  closed. 

The  scarfed  ends  of  both  pieces  having  been  brought  to  a 

welding  heat,  and  fluxed  if  necessary,  the  weld  is  made  as 

follows:     Holding  the  shorter  piece  with  the  tongs  in  the 

right  hand  and  the  longer 

piece    in    the    left,    the 

scarfed    faces    of    both 

being   downwards   in    the 

Are,  draw  both  out  of  the 

fire  and  give  eacb  a  sharp 

rap   on   the   edge    of    the 

anvil  to  remove  any  coal 

or    other    substance    that 

may  adhere  to  the  heated 

surfaces.     Next  bring  the 

shorter  piece  to  the  posi- 
tion on   the   anvil   shown 

at    a.    Fig.    38    (a),    and 

follow     with     the    longer 

piece,  bringing  it  to  the  position  of  the   dotted  outline  b; 

then,  without  losing  contact  between  the  longer  piece  and 

tinvil,  bring   b  down  on  a,  as  shown  in  Fig.  38  {b).     The 
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contact  of  A  with  the  anvil  assists  in  controlhng  its  move- 
ments. When  b  is  placed  on  a,  a  slight  pressure  on  it  will 
hold  both  in  relative  positions  while  the  tongs  are  dropped 
and  the  right  hand  relieved  so  that  the  hammer  may  be  taken 
and  a  light  blow  deliv- 
ered in  the  direction  of 
the  arrow  c.  Fig.  S8  {b). 
As  soon  as  the  pieces 
stick  together,  the  ends 
of  the  scarf  may  be 
brought  down  by  deliv- 
ering a  few  light  blows 
on  one  side,  and  then  the 
piece  turned  over  and  the  other  side  struck  in  the  same 
manner  before  it  has  cooled  belo^  the  welding  beat.  If 
the  scarfs  are  made  too  long,  it  increases  the  surface  to  be 
welded  and  entails  useless  labor. 


37.     Butt  WeltHng.- 


-In  the  butt  weld  shown  in  Fig,  39, 
the  two  pieces  are  gener- 
ally upset  a  little  at  first, 
and  then  welded  together 
as  shown.  They  are  ham- 
Pio.  SB  mered  on  the  end  to  bring 

them  together,  and  as  this  tends  to  upset  the  pieces  still 
more,  they  are  drawn  out  to  the  required  size  after  the  weld 
has  been  made.  In  preparing  the  ends,  the  surfaces  to  be 
welded  are  made  convex,  as  in  the  scarf  weld,  in  order  to 
allow  the  slag  to  work 
out. 

38.     Lap  Welding. 

In  the  lap  weld,  the  two 

pieces  are  laid  together  Piom 

face  to  face,  as  shown  in  Fig.  40,  and  welded.    As  the  faces  are 

not  rounded,  the  hammering  is  started  at  the  center,  gradually 

working  toward  the  edges  in  order  to  work  out  all  the  slag. 

If  the  edges  are  welded  up  and  any  slag  remains  between 

the  faces,  it  will  keep  the  metal  from  uniting  in  the  center. 
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39.  Cleft  Welding. — When  a  weld  is  required  to  stand 
considerable  strain,  such  as  is  caused  by  pryiag;  and  bending, 
the  pieces  are  generally  joined  hy  the  cleft  weld,  shown  in 
Fig.  41.  One  of  the  pieces  a  is  upset  to 
gain  width  and  thickness,  and  is  then  split 
open  on  the  end,  as  shown  at  a,  and  the  two 
cheeks  c  and  d  spread  apart;  the  other 
piece  is  then  scarfed  on  both  edges,  as 
shown  at  6.  In  welding,  the  pieces  are  first 
hammered  on  end  to  get  the  weld  to  stick, 
and  then  hammered  on  the  edges  to  close 
the  weld.  The  pieces  should  be  so  formed 
that  the  weld  will  start  at  the  point  /  and 
the  slag  be  forced  out  as  the  sides  e  and  d 
,  are  closed  down. 

40.  Jump  Welding. — The  jump  weld 
is  really  a  special  form  of  cleft  weld.  If  it 
is  desired  to  weld  a  bar  to  a  flat  plate,  a 
conical  depression  is  made  in  the  plate  as 

shown  at  a.  Fig.  42.     The  bar  to  be  welded  is  pointed  as 

shown  at  6.     The  two  conical  surfaces  must  be  so  formed 

that  the  parts  will  come  together 

at     the     point    first,    so     that 

any  slag  will  be  squeezed   out 

as     the     piece     is    driven,    or 

jumped,   into    its   seat.       This 

form  of  weld  is  frequently  used 

for  quite   large   work,  the  bar 

being  driven  to  place  under  the 

steam  hammer. 

41.  Building;  Up.— It  is 
frequently  inconvenient  or 
impracticable  to  make  a  forging  °' 

out  of  a  single  piece  because  of  the  shape  it  is  to  have. 
In  such  a  case  the  forging  is  built  up;  that  is,  it  is  made 
of  a  number  of  pieces  that  are  forged  to  their  approxi- 
mate  shapes   and    then   welded   together.     Fig.   43   shows 
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a  built-up  forging  in  which  the  welds  are  designated  by 
the  letters  a,  a. 

42.     Fagoting.— The  operation  of  welding  a  quantity  of 

wrought   iron  in   small    ,_ 1 

pieces,    as    scrap    iron    / 

into  a  slab  or  billet,  is    ^ L-A- 

called    fagoting,    and  L.».JL 

sometimes   ehingllng.  I 

In    fagoting,    a    flat  '        I 

piece  of  iron  is  laid  on  fiq.*s 

a  board  and  the  pieces  of  scrap  iron  are  piled  on  top  of  it, 
making  a  firm  rectangular  pile  with  large  pieces  around 
the  outside  and  small  pieces  in  the  center;  or,  the  flat  piece 
on  the  board  may  be  omitted,  as  shown  in  Fig.  44.    The 


pile  is  then  heated  in  a  furnace  and  welded  under  a  steam, 
or  other  suitable,  hammer. 


WORK    IMVOLVINO    SCARF    WELDS 

43.  Uaklng  b  Corner  Flate. — In  order  to  illustrate 
some  of  the  applications  of  the  scarf  weld,  a  few  simple 
cases,  in  addition  to  the  one  already  given,  involving 
the  various  principles  of  welding  in  general  and  of  scarf 
welding  in  particular,  will  be  described. 
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II  a  comer  plate,  like  the  one  shown  in  Fifr.  45  (a),  is  to 
be  made,  two  pieces  of  i"  X  li"  iron,  each  about  15  inches 
Ions:,  are  heated  at  one  end,  keeping  one  of  them  near 
the  edge  of  the  fire  so  as  to  heat  it  mdre  slowly  than 
the  other.  When  one  is  hot  enough,'  it  is  taken  from  the 
fire,  and  the  end  upset  and  then  scarfed,  as  shown  in 
Fig.  45  (6).  This  is  done  by  striking  it,  and  at  the  same 
time  drawing  the  hammer  toward  the  hand,  as  shown  in 
Fig.  36,  in  order  to  draw  the  metal  that  way.    The  other  piece 


is  then  taken  from  the  fire,  upset  at  the  end,  and  one  edge 
scarfed  as  shown  in  Fig.  45  (c).  When  both  pieces  are 
ready,  they  are  put  into  the  fire  and  raised  to  a  bright-red 
heat,  turning  them  occasionally  to  gel  the  heat  even.  They 
are  then  dipped  into  the  flux  or  the  flux  is  sprinkled  over 
their  surfaces  and  they  are  then  returned  to  the  fire  and 
raised  to  a  good  white  heat  on  the  scarfs.  The  pieces  are 
turned  occasionally  to  prevent  the  slag  and  flux  from  drop- 
ping oS.  As  soon  as  both  pieces  begin  to  approach  a 
welding  heat,  the  blast  is  turned  on  stronger  in  order  to 
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raise  the  final  beat  rapidly;  and  if  it  is  thought  necessary,  a 
little  more  fiux  is  thrown  on  the  pieces  while  in  the  fire. 
When  hot  enough,  the  pieces  are  brought  to  the  anvil  and 
put  together.  In  doing  this,  the  pieces  are  held  against  the 
edges  of  the  anvil,  somewhat  as  in  Fig.  38,  care  being  taken 
not  to  touch  the  cold  anvil  with  the  heated  portion.  When 
the  scarfs  are  in  line,  the  pieces  are  brought  down  flush  on 
the  anvil,  having  the  piece  in  the  right  hand  below  the  one 
in  the  left  hand,  so  that  the  left-hand  piece  will  be  able  to 
hold  the  other  down  while  the  right  hand  does  the  ham- 
mering. A  few  rapid  blows  will  make  the  pieces  stick; 
they  are  then  tamed  over  to  bring  the  other  face  under 
the  hammer. 

The  form  of  the  scarf  should  always  be  such  that  the  cen- 
ters of  the  surfaces  to  be  welded  come  in  contact  first;  this 
will  cause  the  slag  to  squeeze  out  as  the  pieces  are  hammered 
together.  As  soon  as  the  pieces  cool  to  a  cherry  red,  they 
are  reheated  and  the  weld  finished.  When  black  hot,  both 
sides  of  the  piece  are  struck  against  the  horn  to  makt  sure 
that  the  weld  is  well  made.  A  good  weld  will  not  open  on 
being  bent  and  then  straightened,  If  the  weld  is  good,  the 
comer  is  tried  with  a  try-square  and  finished  perfectly  sharp 
and  square,  on  the  edge  of  the  anvil,  as  shown  in  Fig.  45  (a). 
The  ends  are  then  cut  oS,  making  each  arm  5  inches  on  the 
long  edge.  When  cold,  it  will  be  seen  that  the  weld  is  per- 
fectly tight,  the  slag  having  all  been  squeezed  out  in 
hammering. 

44.  Making  a  T  Plate. — A  T  plate  like  the  one  shown 
in  Fig.  46  (a)  can  be  made  in  nearly  the  same  way  as  the 
piece  described  in  Art.  43.  The  cross-piece  a  is  upset  in 
the  center  and  the  edge  is  scarfed  as  shown  in  Fig.  46  (*), 
and  the  piece  b  is  upset  and  scarfed  on  one  end,  as  in  the 
comer  plate.  When  both  pieces  have  been  prepared,  they 
are  heated,  fiuzed,  and  welded,  as  described  in  the  constrac- 
tion  of  the  comer  plate. 

45.  HaklDE  a  Band  RlnR. — In  making  a  band  ring, 
like  the  one  shown  in  Fig.  47  {a),  a  piece  of  i"  X  li"  iron, 
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12  inches  Ions,  is  upset  at  both  ends.  The  ends  are  scarfed 
on  opposite  sides,  as  shown  at  a  and  b.  Fig.  47  (b),  and  the 
iron  is  bent  into  the  form  of  the  desired  ring.    To  do  this. 


the  iron  is  heated  and  then  laid  across  the  horn  of  the  anvil 
and  projectine  beyond  it.  The  projecting  end  is  hammered 
and  bent  around,  as  shown  in  Fig.  47  (c),  until  the  scarfed 


Pm.  47 

faces  are  in  position  for  welding,  but  about  \  inch  apart. 
The  ends  are  next  heated  and  fluxed,  and  then  raised  to  a 
welding  heat.    To  weld  the  ring,  it  is  brought  to  the  anvi] 
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and  slipped  over  the  horn,  with  the  scarfed  ends  on  the  upper 
side  of  the  hom.  A  few  rapid  blows  with  the  hammer  will 
make  the  weld,  after  which  the  ring  is  trued  up  so  as  to  make 
it  round  and  to  make  the  iron  of  the  required  width  and  thick- 
ness throughout.     This  is  done  over  the  horn  of  .the  anvil. 

A  very  good  way  of  bending  the  iron  for  a  band  ring,  or  a 
similar  piece,  is  to  use  a  piece  of  i-inch  or  }-inch  round  iron 
bent  into  U  shape,  as  shown  in  Fig.  48  (a).     This  piece  is 
clamped  in  the  vise  with  the  open  end  up,  and  the  iron  to  be 
bent  is  laid  between  the  projecting  ends  and  bent  by  press- 
ing the  end  sidewise,  as  shown  in   Fig.  48  {6),  or  a  fork 
that  has  a  square  shank  to  fit 
the  hardie  hole  of  the  anvil,  as 
shown  in  Fig.  48  (<:),  may  be 
used.     The  iron  may  be  bent 
either  hot  or  cold.     If  the  iron 
is  thin,  it  is  preferable  to  bend 
it  cold,  as  hot  bending  is  liable 
to  kink  it.     If  thin  iron  is  bent 
hot  over  the  hom  of  the  anvil, 
the  jarring  from  the  hammer 
blows  is  also  apt  to  make  the 
projecting   end   sag   and   lose 
its  shape. 

46.  liength  of  Stock  for  Pio-  « 

a  Ring. — The  following  rule  will  be  found  convenient  for 
determining  the  amount  of  stock  required  for  either  band 
or  round  rings. 

Bule. — Add  togeifier  ike  inside  diameter  of  Ike  ring  and  the 
thickness  of  Ike  stock  and  multiply  the  sum  by  Zk. 

Example. — What  ia  the  len^h  of  stock  necesBary  for  a  ring  of 
2-mch  round  iron  having  an  inside  diameter  of  12  inches? 

Solution.—    12  -|-  2  =  14;  14  X  3f  =  44  in.     Ans. 

To  this  mast  be  added  a  small  amonnt  for  upsetting  and  scarfing; 
in  this  case  from  i  to  j  in.  should  be  allowed, 

47.  Haklng  a  Ring  Hook. — A  ring  hook  of  the  form 
shown  in  Fig.  49  {a)  may  be  scarf-welded.    It  also  shows,  in  its 
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construction,  a  method  of  splitting;  stock  for  branch  pieces 
that  is  valuable  in  smithing:  operations.     On  a  piece  of  iron 


Pio.  tS  (,) 

of  good  quality,  such  as   Norway  iron,  I  inch  square  and 
5  inches  long,  mark  ofi  with  a  center  puacb  2  inches  from 
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one  end  and  draw  this  piece  out  to  5  inches,  leavins  the 
stock  of  the  form  shown  in  Pig.  49  (i).  Next,  the  hole 
shown  at  a  in  Pig.  49  (c)  is  made  with  a  punch,  the  stock  split 
out  to  the  end,  and  the  branches  bent  apart,  as  shown.  The 
shank  is  then  placed  in  a  heading  tool  and  the  branches  bent 
out,  as  shown  in  Pig,  49  (d).  During  this  part  of  the  work, 
great  care  must  be  taken  to  prevent  cracks  from  starting  in 
the  corners,  as  shown  at  />  in  Fig.  49  id).  When  the  iron 
has  closed  around  cracks  started  in  this  way,  they  are  known 
as  cold  Bbuts,  and  the  piece  is  liable  to  be  dangerously 
weak  where  they  occur.  They  may  be  avoided  by  removing 
the  piece  from  the  heading  tool  when  the  branches  have 
been  partially  bent  out.  placing  it  over  the  round  comer  of 


the  anvil,  and  using  a  large  fuller  or  a  set  hammer  in  the 
manner  indicated  in  Fig.  49  {e).  The  branches  are  drawn 
out  to  the  proper  dimensions,  scarfed,  bent  to  the  ring  form, 
and  welded  as  in  the  case  of  the  band  ring.  The  piece  is 
held'  in  the  tongs  by  the  ring  while  the  hook  is  being  shaped. 
The  finished  piece  should  be  sound,  show  no  scarf  or  weld 
marks,  and  agree  with  the  dimensions  of  the  drawing. 

48.  Hoklng  a  Flat  Blng. — In  making  a  flat  ring,  as 
shown  in  Fig.  50  (a),  a  piece  of  f"  X  li"  flat  iron  14  inches 
long,  is  cut  oS  and  heated,  and  the  end  farthest  from  the 
tongs  is  bent  edgewise  over  the  horn  of  the  anvil.  As 
the  circumference  of  the  outside  circle  aaa  of  the  ring  is 
considerably  greater  than  the  circumference  of  the  inner 
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circle  ib6,  the  iron  will  be  upset  alons  the  inner  edee  and 
stretched  along  the  outer  edge  by  the  bending.     This  will 
make  the  iron  thicker  than  I  inch  at  the   inner  edge  and 
thinner  along  the  outer;   the  iron  will  also  buckle  and  twist 
when  being  bent.     By  hammering  it  flat  on  the  anvil,  using 
the  flatter  if  desired,  the  iron 
can   be  brought  back  to  an 
even  thickness;    however,  it 
should  not  be  allowed  to  get 
far  oat  of  size,  and  its  width 
and  thickness  should  be  fre- 
quently   tried   with  the  cali- 
pers.     When  bent,  the  iron 
will  have  the  form  shown  in 
Fig.  50  (i);    the  corners  are 
then  cnt  off  as  shown  by  the 
dotted    lines   d,d,    the   ends 
scarfed  and  the  iron  bent  on 
the  anvil,  as  shown  in  Fig.  61, 
until  the  scarfs  overlap,  their 
inner    surfaces    remaining 
about  4  inch  apart,  as  shown 
^"■^  in  Fig.  52.     The  heat  is  then 

raised,  the  weld  made,  and  the  ring  finished  with  the  hammer. 

49.  Haklngr  a  Bmall  Chain. — In  making  a  chain  like 
the  one  shown  in  Fig.  53  (a),  six  distances  of  3i  inches 
each  are  marked  ofif  on  a  bar  of 
4-inch  round  iron,  29  inches  long,  f 
These  marks  may  be  put  on  with  a  ' 
soapstone  pencil  or  the  rod  may  be 
nicked  on  the  hardie.  One  end  of  the 
rod  is  then  heatett,  scarfed,  and  bent  to  the  shape  shown  in 
Fig.  53  (A);  it  is  then  cut  off  obliquely  at  the  first  mark, 
■  as  shown  by  the  line  a  a';  this  makes  only  a  single  scarf 
necessary  on  each  weld.  This  link  is  then  heated,  fluxed, 
and  welded,  and  bent  into  the  proper  shape.  By  the  time 
the  first  link  is  finished,  the  next  section  of  the  rod  is  hot 
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enough  to  scarf  and  benti  into  shape.  The  rod  beinc  cut 
off  at  an  angle  makes  it  easy  to  scarf,  but  the  hammer  must 
be  drawn,  as  shown  in  Fig.  36,  in  order  to  crowd  up  the 
iron  at  the  large  end  of  the  scarf.  When  the  second  link  is 
ready  to  weld,  it  is  fluxed  and  the  heat  raised.  When  at  a 
welding  heat,  the  link  is  brought  to  the  anvil,  the  first  link 
caught  up. in  it,  and  the  weld  made,  or  the  previous  link 
may  be  caught  up  in  it  after  fluxing  and  before  putting  it 
into  the  Are  for  the  final  heat.  In  this  way,  five  links  can 
be  made,  the  heat  for  scarfing  and  bending  a  link  being 
raised  while  the  previous  link  is  being  welded.  The  sixth 
link  joins  the  other  five  links  to  the  chain  hook.    After  the 
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sixth  link  is  approximately  bent  into  shape,  the  fifth  link  of 
the  chain  and  the  hook  are  caught  up  by  it;  its  ends  are 
then  brought  into  proper  position  and  are  heated  and  welded. 
It  is  often  of  advantage  to  both  the  maker  and  user  to  have 
the  hook  link  made  slightly  longer  than  the  others. 

When  the  six  links  of  the  chain  have  been  made,  the  ring 
shown  at  a,  Fig.  63  (a) ,  can  be  made  of  the  remaining  7  or  8 
inches  of  the  rod.  The  iron  is  scarfed  at  one  end  and  bent 
into  shape,  after  which  the  first  link  is  picked  up  in  the  ring, 
which  is  then  heated  and  welded.  The  chain  can  be  finished 
by  brushing  it  with  a  stiff  brush  and  some  sand  and  water, 
after  which  it  is  heated  to  a  dull  red  and  dipped  into  linseed 
oil  or  rubbed  with  a  piece  of  oily  waste,  guarding  carefully 
against  fire  in  case  the  oil  ignites. 

50.  Haklne  a  Pair  of  Tongs. — To  make  a  pair  of 
blacksmith's  tongs  for  holding  flat  iron,  such  as  is  shown  in 
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Tig.  64,  a  bar  of  }-inch  square  iron,  not  more  than  2  feet 
long,  is  marked  at  2  inches  from  the  end  and  heated.  When 
hot,  the  marked  end  is  flattened  to  a  thickness  of  -fs  inch, 
leaving  the  shoulder,  as  shown  at  a.  Fig.  S6  (a),  on  one 
side.  This  may  be  done  by  holding  the  iron  so  that  the 
marked  edge  is  on  the  edge  of  the  anvil  and  by  fattening 
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the  end  with  the  hammer  as  shown.  The  piece  is  again 
heated  and  placed  on  the  anvil,  as  shown  in  Pig.  55  ib), 
'and  flattened  for  about  3  inches  in  length.  It  is  then  cut 
from  the  bar  and  the  other  end  c^  of  the  piece  is  ofifset,  as 
shown  at  c.  Fig.  55  {c),  and  flattened  for  about  3  inches  in 
length.  The  end  g-d  is  then  drawn  down  to  i-inch  round,  as 
is  shown  in  Fig.  55  (c).     The  end  d  may  be  left  a  little 


larger  than  i  inch,  and  then  scarfed  for  welding.  Another 
piece  is  then  made  like  this,  and  a  i-inch  round  rod  12  inches 
long  is  welded  to  each  tt>  form  the  handles.  A  Hnch  hole 
is  then  punched  through  one  of  the  pieces,  as  shown  at  d. 
Fig.  55  (d).  The  two  parts  of  the  tongs  are  now  held 
together  and  the  hole  marked  in  the  second  piece  by  punch- 
ing it  through  the  hole  already  made.  The  first  piece  is  then 
laid  aside  and  the  hole  punched  through  the  other  one. 

The  pin  or  rivet,  shown  in  Fig.  55  (e),  that  is  to  hold  the 
two  parts  together  is  made  by  upsetting  a  S-inch  rod  at  one 
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end  and  forming  tt  into  a  head.  It  is  then  cut  from  the  bar, 
making  it  the  proper  length,  and  tried  in  the  tongs  to  make 
sure  that  it  iits.  The  pin  is  then  put  into  the  fire  and  heated 
on  the  end  p.  When  hot  the  finished  head  h  is  cooled  by 
being  dipped  into  the  water,  but  the  end  p  is  left  hot.  The 
pin  is  then  put  back  into  the  fire  and  heated  on  the  end. 
When  hot,  it  is  put  through  the  two  holes  and  the  tongs  fin- 
ished by  riveting  the  end  of  the  pin.  It  frequently  happens 
that  the  rivet  bends  in  the  holes;  this  makes  the  tongs  tight, 
but  the  jaws  will  not  stay  parallel.  In  such  a  case  the  rivet 
is  driven  out  while  it  is  still  hot  and  another  one  made. 

The  fuller  may  be  used  to  good  advantage  in  making  the 
tongs.  The  bar  having  been  cut  down  part  way  with  the  hot 
cutter,  the  material  may  be  worked  out  to  approximately  the 
correct  form  with  the  fuller.  Sometimes,  it  is  well  to  take  a 
htai  over  the  work;  this  consists  of  going  over  the  piece, 
when  it  is  at  a  white  heat,  with  a  light  hand  hammer.  In 
-  this  way,  the  fibers  that  have  become  separated  are  rewelded 
and  the  forging  improved. 

In  making  tongs,  it  is  well  to  inspect  the  parts  very  closely 
before  putting  them  together.  A  good  way  to  detect  flaws 
and  defects  is  to  heat  the  suspected .  part  to  a  dull  red;  this 
will  show  all  defects  such  as  cracks,  seams,  poor  welds,  etc. 
The  welds,  angles,  ofEsets  in  the  jaws,  and  the  metal  near  the 
punched  holes  are  very  liable  to  show  defects.  If  the  defects 
cannot  be  remedied,  a  new  part  must  be  made. 


WORK    INVOLVING    BCTT    WELDS 

51.  Kntickle-Jolut  Strap. — To  make  a  knuckle-joint 
strap,  shown  in  Fig.  56  {a),  a  short  bar  of  stock  is  taken, 
slightly  wider  than  one-half  the  width  a  of  the  strap,  and  of 
the  thickness  shown  at  b.  The  notch  c.  Fig.  56  {b),  is  made 
with  the  fuller,  and  the  end  of  the  bar  drawn  to  the  form 
shown  by  the  dotted  lines.  Next,  this  end  of  the  bar  is  cut 
ofE  at  such  a  place  as  will  give  the  piece  shown  in  Fig.  56  (c), 
and  the  face  hollowed  as  shown  at  d.  A  second  piece  of  the 
same  form  is  then  made,  except  that  the  face  d  is  convex 
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instead  of  concave.  There  will  now  be  two  pieces,  as  shown 
in  Fig.  66  {d);  these  are  to  be  welded  together,  the  excess 
of  width  having  been  given,  that  they  might  close  slightly 
at  /,  Fig.  56  (rf),  during  this  operation. 

To  weld  them  together,  the  two  pieces  are  heated  at  the 
same  time.  When  at  a  welding  heat,  the  pieces  are  placed  on 
the  anvil  in  the  relative  position  shown  in  Fig.  66  (d),  and 
'  the  weld  made  with  light  blows  of  sledge  hammers,  or  they  , 
may  be  placed  between  the  dies  of  a  power  hammer  and 
welded  with  light  blows,  care  being  taken  that  the  blows  do 
not  draw  the  sides  too  close  to  each  other.    Too  heavy  blows 
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are  liable,  also,  to  spread  the  edges  of  the  weld  and  weaken 
it.  The  piece  should  be  turned  on  its  side,  after  the  faces 
are  welded,  and  the  sides  closed  before  the  welding  heat  is 
lost.  It  must  be  remembered  that  the  weld  is  due  to  the 
fluid  condition  of  the  metal  at  the  surfaces  that  are  joined, 
and  the  blows  delivered  should  have  only  force  enough  to 
bring  the  surfaces  entirely  together.  After  the  weld  is  made, 
the  grooves  shown  at  Fig.  56  U)  are  made  with  the  fuller, 
and  the  end  drawn  out  as  shown  by  the  dotted  lines.  The 
end  is  then  cut  to  the  curved  form  shown  in  Fig.  56  (a)  by 
the  use  of  a  hot  cutter,  and  this  end  finished  on  the  anvil. 
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52.     Haklne  a  Bolt  Head  by  Welding  on  a  Rlnir- — In 

this  example,  it  is  required  to  form  the  head  of  the  bolt  by 
welding  a  ring  around  the  end  of  a  round  rod  Ij  inches 
in  diameter.  Fig.  57  (a)  shows  the  form  and  dimensions  of 
the  bolt  to  be  made.  The  ring  should  be  made  from  a  piece 
of  bar  iron  1  inch  wide  and  i  inch  thick.  .The  length  of  the 
stock  required  may  be  found  by  the'  rule  already  given. 
The  diameter  of  the  ring,  U  inches,  and  the  thickness  of 
one  side,  i  inch,  are  added  together,  giving  Ij  inches. 
Then,  H  X  3i  =  i  X  V^  =  6i  inches,  which  is  the  length  of 
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stock  required  for  the  head.  The  end  of  this  piece  is  upset 
slightly  and  scarfed,  and  then  bent  around,  as  shown  in 
Fig.  57  (b);  it  is  then  cut  from  the  bar  by  an  oblique 
cut  a  a'.  The  ring  and  the  end  of  the  rod  are  then  heated 
and  fluxed  for  welding.  When  taken  from  the  fire,  the 
end  of  the  rod  is  quickly  placed  in  the  ring  and  they  are 
welded  together  by  light  hammer  blows  on  the  side  of  the 
ring.  For  this  operation,  the  position  of  the  rod  is  horizontal, 
and  it  is  turned  so  that  the  hammer  may  strike  different 
portions  of  the  side  of  the  ring  at  each  blow.  Care  should 
be  taken  that  the  ends  of  the  ring  are  welded,  as  well  as  that 
the  ring  is  welded  to  the  rod. 
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Another  heat  is.taken  and  the  head  is  dressed  more  nearly 
to  form  with  the  hammer,  and  the  bolt  is  placed  in  the  head- 
ing tool  or  the  swage  block  to  bring  the  under  side  and  the 
top  of  the  head  roughly  to  plane  surfaces.  The  head  is  then 
laid  in  the  groove  of  the  swage  block,  and  the  swage  used 
to  fonn  the  sides  of  hexagonal  head. 


PRACTICAL  EXAUPLBS  OF  FOROINO 
53.     FoFirlng  a  Rocker-Arm  From  One  Piece. — For 

this  purpose,  round  stock  is  taken  that  is  large  enough  in  diam- 
eter to  give,  when  flattened,  the  dimension  at  a,  Fig.  68  {a). 
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and  drawn  to  the  form  shown  in  Fig.  58  (*);  this  will  require 
great  care,  for  there  is  danger  that 'the  dimension  t  may  be 
made  too  great,  or,  if  this  is  right,  that  the  dimension  b 
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may  be  too  small.  Enough  of  one  .end  is  flattened  to  form 
the  arm,  and  drawn  to  the  form  shown  m  Fig.  58  (c). 
The  dimension  d.  Fig.  58(c),  is  made  to  correspond  to  d, 
Fig.  58  (d).  In  Battening  this  piece,  the  work  is  done  with 
the  hammer,  the  side  toward  which  the  stock  is  drawn  being 
made  as  true  and  flat  as  possible  from  the  shoulder  to  the 
end,  and  the  recess  at  d  formed  by  the  use  of  the  fuller;  this 
leaves  the  stock  /  on  the  end,  from  which  to  form  the  boss. 
Next,  the  piece  is  clamped  firmly  near  one  shoulder  and  the 
flattened  portion  bent  down,  making  the  whole  piece  of  the 
form  shown  in  Fig.  68  id).  This  may  be  done  by  clamping 
the  piece  between  the  hammer  dies  and  driving  down  the 
arm  with  sledge  hammers.  The  boss  is  rounded  as  shown 
atf ,  Fig.  58  (e),  by  first  shaping  it  to  the  form  shown  by  the 
dotted  lines  at  £;  Fig.  58  id) ,  and  then  rounding  it  to  form 
the  boss.  The  portion  outside  the  shoulder  on  the  other 
end  of  the  piece  is  treated  in  the  same  manner,  or  both  ends 
may  be  flattened  and  notched  first,  and  then  bent.  Rocker- 
shafts  are  also  forged  by  welding  both  arms  to  the  shaft. 

54.  For^n^  a.  Kocker- Arm  With  Welded  Slioulder. 
When  it  is  not  considered  desirable  to  use  stock  that  is  large 
enough  to  form  a  shoulder  of  the  required  size,  the  shoulder 
should  be  made  in  the  manner  indicated  in  Fig.  68  (/).  The 
rocker-arm  is  made  from  the  stock  at  band,  leaving  it  too 
small  at  the  shoulders  and  on  the  arms  near  the  shoulders. 
A  separate  piece  of  stock  is  drawn  to  the  form  shown  at  i, 
Fig.  58  (/),  and  bent  to  fit  closely  around  the  shoulder  that 
has  been  formed,  as  shown  by  the  dotted  lines.  A  welding 
heat  is  then  taken  in  one  shoulder,  and  that  side  is  welded; 
this  is  repeated  on  the  other  side.  After  both  shoulders 
have  been  treated  in  this  way,  the  whole  piece  is  gone  over 
carefully  and  dressed  to  shape. 

56.  Locomotive  Reverse  Shaft. — The  method  of  forg- 
ing a  locomotive  reverse  shaft  varies  in  different  shops,  but  a 
good  way  of  doing  it  is  shown  in  Figs.  59  and  60.  The  shaft 
is  first  heated  at  a  where  one  of  the  arms  is  to  be  welded,  and 
enlarged  by  upsetting,  which  is  accomplished  by  swinging 
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a  heavy  suspended  steel  ram  6,  Fie:-  61,  against  its  end, 
the  shaft  being  supported  in  a  special  fixture  or  anvil  c. 
Fig.  59,  made  for  the  purpose.  £>imilar  heats  are  taken  at 
other  points  where  arms  are  to  be  welded.  The  arms  are 
previously  forg^ed,  usually  under  a  drop  hammer.  The 
end  of  each  arm  is  split,  and  each  end  is  drawn  out,  as 
shown  at  e  and  /,  Fig.  60  (*).  Fig.  60  (c)  also  shows 
some  of  the  details  of  the  form  of  the  arms  and  shaft 
before  welding.  The  small  arm  a.  Fig.  60  (a),  is  first 
welded  to  the  shaft,  after  which  one  of  the  link  supporting 
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arms  d  is  welded  on  in  the  following  manner:  The  shaft 
is  heated  in  one  fire  and  the  end  of  the  arm  in  another; 
when  they  are  both  at  the  proper  heat,  they  are  brought 
out,  the  shaft  is  dropped  into  the  crotch  of  the  special 
support  f,  and  the  arm  placed  on  it.  A  few  sharp  blows 
on  the  upper  end  of  the  arm  commence  the  weld  at  the 
center,  and  blows  at  e  and  /,  Fig.  60  (6),  complete  it,  a 
swage  being  used  to  finish  the  fillets  about  the  end  of  the 
arm.     The  other  arm  A  is  then  welded  on  in  the  same  way. 
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The  long  arm  g  on  the  end  of  the  shaft  is  sometimes  made 
by  first  welding  on  a  short  piece,  after  which  the  shaft  is 
taken  to  the  machine  shop  for  machining,  and  is  then  returned 
to  the  smith  shop,  and  the  remainder  of  this  long  arm  welded 
on.  The  object  of  this  method  is  to  overcome  the  difficulty 
of  turning  the  shaft  in  the  lathe  with  the  long  arm  on  it 


During  the  welding  the  weight  of  the  shaft  is  partially  sup- 
ported by  the  chain  i.  Pig.  69,  hanging  from  a  chain  block 
on  a  swinging  crane.  The  shaft  is  handled  by  the  fixture  /, 
which  is  fastened  to  it  by  means  of  a  clamp  k  provided  with 
a  gib  and  key.  The  end  of  the  clamp  k  has  a  thread  and 
nut  for  the  purpose  of  attaching  weights  to  counterbalance 
the  anns  d  and  k.  The  main  forge  is  located  at  /,  Fig.  61. 
The  forge  in  which  the  arms  are  heated  is  located  at  m.  A 
cast-iron  plate  n,  about  4  feet  by  7i  feet  in  size,  planed  on 
the  top  and  the  edges,  strongly  nbbed  on  the  bottom,  and 
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provided  at  one  side  with  a  pair  of  centers,  adjustable  leogth- 
wise  in  a  groove,  is  used  to  test  the  straightness  of  the  shaft. 
There  is  a  space  of  3  or  4  feet  between  the  fixture  c  and 
the  plate  «. 

56.     Locomotive    Valve    Toke. — There    are    several 
methods  of  making  a  locomotive  valve  yoke.     One  of  the 


best  is  to  take  a  piece  of  square  hammered  iron,  as  shown 
by  the  dotted  lines  in  Fig.  62,  and  draw  one  end  as  shown 
at  a.  The  other  end  is  split,  opened  out.  and  each  end 
drawn  out  as  shown  at  b  and  c,  after  which  the  two  ends  are 
split  and  bent  down  as  shown  at  d  and  e.  Another  piece  of 
iron  is  also  drawn  out  to  the  proper  size  and  length  and  bent 
as  shown  at  /,  with  its  ends  properly  scarfed  for  welding. 
First  one  side  is  welded  and  then  the  other,  when  it  only 
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remains  to  give  the  yoke  the  necessary  finish.  The  clamp  g 
is  used  to  hold  the  parts  in  place  while  making  the  first 
weld  at  e. 

57.  Fornftnga  Wronebt-Iron  Bndder  Frame. — Many 
rudder  frames  of  late  years  have  been  cast  in  open-hearth 
steel,  in  one  piece, 
but  owing  to  the  pos- 
sibility of  hidden 
blow-holes,  or  invisi- 

bl's   cracks    in    the  ^»v-r 

comers,  a  wrought-  ^- — i  ^ — IrRil" 
iron  frame  is  some- 
times preferred. 
Fig.  63  shows  such  a 
frame  in  which  it  was 
necessary    to    make-  Fio.  e2 

19  welds,  the  location  and  order  of  which  are  shown  by  the 
figures,  the  dotted  lines  showing  the  character  of  each  weld. 
Numt>er  19  was  made  by  welding  in  a  diamond-shaped  piece, 
or  glut,  which  has  the  fiber  of  the  iron  lengthwise  in  the 
finished  work. 

The  main  piece,  which  in  this  case  is  23  feet  long,  is  shown 
at  a.    Eight  inches  of  the  upper  end  is  square,  below  which 


it  is  turned  9  inches  in  diameter,  a  length  of  6  feet.  A  pivot  c 
is  also  turned  at  the  lower  end.  The  part  of  the  frame  d 
to  which  the  arms  are  welded  is  square  on  that  side  and  half 
round  on  the  back,  as  shown  in  section  at  e.  The  arms, 
where  they  are   joined   to   d,  are   from  3  to  4  inches   by 
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9}  inches.  At  the  outer  end  /  they  are  3  inches  by  9i  inches, 
and  the  part  of  the  frame  at  g-  is  the  same  size.  Most  of  the 
welds  are  V-shaped,  or  cleft  welds,  but  occasionally  it  is  found 
advisable  to  make  use  of  a  double-cleft  weld  into  which  a 
diamond-shaped  piece  is  welded.  The  most  of  the  weldine: 
is  done  without  taking  the  frame  out  of  the  fire.  The  frame, 
having  been  laid  on  a  flat  topped  forge,  is  temporarily 
enclosed  in  firebrick  at  the  point  to  be  welded;  the  fire  is 
then  built  under  and  around  the  point,  the  top  of  the  brick- 
work being  covered  with  several  sections  made  up  of  an  iron 
frame  filled  with  firebrick  and  provided  with  a  bail,  or  eye- 
bolt,  for  lifting  the  section  to  replenish  the  fuel  or  remove 
the  work.  Sometimes  a  chain  fitted  with  a  turnbuckle  is  so 
arranged  on  either  side  of  the  frame  as  to  enable  the  parts 
that  are  to  be  welded  to  be  drawn  together.  Two  steel  ram- 
ming bars  are  provided,  each  about  9  feet  long  and  li  inches 
in  diameter,  except  at  the  working  end,  where  they  are 
2i  inches  in  diameter  and  slightly  rounded.  When  the  weld- 
ing beat  is  reached,  the  tumbuckles  are  quickly  tightened, 
the  ramming  bars  introduced  through  either  end  of  the 
furnace,  and  the  scarf  of  the  weld  vigorously  pounded  down. 
The  top  covers  of  the  furnace  are  then  removed  and  three 
men  with  sledges  finish  the  upper  edge  of  the  weld.  The 
piece  is  then  lifted  out  of  the  fire  and  placed  on  the  anvil  and 
the  entire  weld  gone  over  with  sledges,  three  men  striking 
at  the  rate  of  about  36  blows  each,  or  108  blows  per  minute, 
on  the  work.  Care  is  usually  taken  to  have  a  little  surplus 
stock  at  the  weld,  which  is  then  trimmed  o£E  with  a  hot 
cutter, 

58.  Welding  Pipe. — An  open  fire  with  an  overhead 
hood  is  well  adapted  to  pipe  welding,  which  may  be  done  in 
a  forge  fire  in  several  ways.  In  the  case  of  extra  heavy 
iron  or  mild  steel  pipe  welded  together  in  lengths  varying 
from  two  pipe  lengths  to  300  or  400  feet,  as  used  for  refrig- 
erator coils  and  sfimetimes  for  steam  coils  for  heating  liquid, 
the  pipe  may  be  prepared  by  reaming  it  out  at  one  end  to  a 
taper  of  about  60°,  the  other  end  being  given  an  outside 
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taper  to  match.  This  can  be  dooe  on  a  tniret  machine  or, 
with  suitable  dies,  on  a  bolt  cutter.  For  long;  lengths,  a 
wooden  trough  or  box,' as  long  as  the  pipe,  is  usually  pro- 
vided. The  ends  of  the  pieces  of  pipe,  with  inside  and  out- 
side taper,  are  placed  in  the  fire  and  brought  to  a  welding 
heat,  using  a  little  sand  or  other  flux  if  the  material  requires 
it.  The  ends  of  the  pipe  are  brought  together  in  the  fire, 
and  two  or  three  sharp  blows  are  given  on  the  cold  end  of 
one  of  the  pipes  by  the  helper,  the  smith  meantime  holding 
the  other  pipe.  The  weld  is  started  bjr  the  blows  on  the  end 
of  the  pipe,  which  is  quickly  drawn  through  the  fire,  bringing 
the  weld  into  a  bottom  swage  or  od  to  an  anvil  located  near 
the  fire  and  directly  under  the  pipe.  The  blacksmith  applies 
a  top  swage,  while  the  helper  strikes  light  quick  blows  on 
the  swage  with  a  very  light  sledge  hammer,  the  blacksmith 
turning  the  pipe  meanwhile.  The  welding  must  be  very 
quickly  done,  as  pipe  cools  more  quickly  than  solid  iron.  A 
few  passes  of  a  coarse  file  will  remove  the  scale,  and  the  pipe 
is  then  moved  endwise  in  the  trough  for  the  next  weld. 

59.  WeldluK  Boiler  Tubes. — Boiler  tubes  that  have 
been  burned  or  worn  at  one  end  may  sometimes  be  repaired 
by  cutting  off  from  4  to  6  inches  of  the  defective  ends  and 
piecing  them  out  by  welding  on  new  ends.  Boiler  tubes 
being  generally  made  of  good  material,  but  thin,  are  not 
countersunk  and  tapered,  but  are  heated  at  the  end,  one 
end  being  slightly  enlarged  on  the  horn  of  the  anvil  or  on  a 
tapered-  mandrel,  and  the  end  of  the  other  piece  being 
sligbtly  tapered  by  swaging  down.  After  the  entire  set  of 
tubes,  or  at  least  a  large  number  of  them,  and  the  short 
pieces  have  been  thus  prepared,  the  welding  is  proceeded 
with  by  putting  them  into  the  fire  side  by  side,  and  bringing 
them  quickly  to  the  welding  heat,  rotating  each  in  the  mean- 
time. The  smith  then  takes  the  tube,  and  the  helper  the 
short  piece,  to  the  anvil,  where  they  are  put  together,  driven 
endwise,  and  swaged  quickly  to  complete  the  weld. 
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TOOL  STEEL 


CABBON  STBEIj 


BfANUFACTUBB,    TSHFBB,    AlfD    TRBATBEBNT 

1.  Definitions. — The  steels  commonly  used  in  making 
tools  are  compounds  of  iron  and  carbon,  and  are  classified 
as  biKb -carbon  steels,  to  distinguish  them  from  the  alloy 
steels,  which  contain,  in  addition  to  carbon,  some  one 
or  more  of  the  following  elements:  manganese,  nickel, 
aluminum,  chromium,  tungsten.molybdenum,  copper,  arsenic, 
sulphur,  and  phosphorus,  the  last  four  elements  being 
imparities  that,  when  present  in  any  considerable  quantity, 
injuriously  affect  the  quality  of  the  steel.  The  high-carbon 
steels  are  also  known  as  tool  steels,  the  various  grades  of 
which  differ  from  one  another  principally  in  the  amount  of 
carbon  they  contain.  The  most  valuable  property  of  high- 
carbon,  or  tool,  steel  is  that  it  can  be  hardened  and  tempered. 

The  best  grade  of  tool  steel  is  made  by  what  is  known 
as  the  crucible  process,  and  is  called  crucible  steel. 
Other  forms  of  tool  steels,  of  lower  grades,  are  called  blister 
steel  and  sbear  steel.  The  processes  by  which  these  are 
made  are  described  brielly  in  the  following  articles. 

2.  Blister  Steel. — In  the  manufacture  of  blister  steel 
wrought  iron  is  packed  in  charcoal  and  then  heated  to  a  high 
temperature;  the  iron  absorbs  carbon  from  the  charcoal,  and 
is  thereby  converted  into  steel.     Blister  steel  is  made  of  bars 

CptrHtUtJ  tr  InUnalioHal  Ttxlbaik  Cmatany.    Enttrtd  at  Statimtri'  Hall,  LmJati 


^aovGoQt^lc 


3  TOOL  DRESSING  §58 

of  very  pure  wrought  iron,  which  is  practically  free  from 
carbon.  The  bars,  which  are  about  f  inch  by  5  inches,  and 
12  feet  long,  are  packed  with  pulverized  charcoal  in  boxes 
made  of  fire-resisting  material,  which  is  usually  a  special 
stone  cut  into  slabs  to  make  boxes  about  3  feet  wide  by 
3  feet  high.  Layers  of  iron  are  alternated  with  layers 
of  charcoal  to  fill  the  boxes,  after  which  they  are  sealed  to 
exclude  the  air.  The  boxes  are  placed  in  a  furnace  in  which 
tbe  temperature  is  gradually  raised  .to  about  3,000°  P.,  and 
maintained  so  for  several  days,  after  which  the  furnace  is 
allowed  to  cool.  The  carbon  in  the  metal  is  not  uniformly 
distributed,  however,  the  proportion  of  carbon  being  greatest 
at  the  surface.  Since  this  process  of  manufacture  causes 
portions  of  the  surface  of  the  metal  to  swell  out  or  blister 
into  scales,  the  product  is  called  blisUr  sUel.  This  steel  is 
quite  brittle,  and  because  of  its  uneven  structure  is  unfit  for 
general  use.  Sometimes  the  blisters  are  scraped  off  and 
the  bars  heated  to  a  cherry  red  for  a  few  days  in  order  to 
distribute  the  carbon  more  evenly  throughout  the  metal. 

3.  Shear  Steel. — Shear  steel  is  made  from  blister  steel 
by  cutting  up  or  breaking  the  bars  into  short  lengths,  then 
piling,  heating,  and  fluxing  them,  and  bringing  them  to  a 
welding  beat,  when  they  are  welded  together  under  a  heavy 
hammer  and  rolled  out  into  bars.  If  the  bars  of  shear  steel 
are  again  cut  up  and  the  short  pieces  welded  into  a  block  and 
then  rolled  into  bars,  the  product  is  called  double-shear  steel, 
which  possesses  greater  uniformity  of  structure  than  single- 
shear  steel.  Shear  steel  and  blister  steel  are  now  seldom  used 
directly  in  tools,  except  in  cases  where  it  is  necessary  to  weld 
steel,  as,  for  instance,  in  anvil  faces. 

4.  Crucible,  or  Cast,  Steel. — What  is  known  as 
crucible  steel  is  made  by  melting  blister  steel,  or  some 
combination  of  other  suitable  materials,  in  a  crucible,  and 
then  casting  the  charge  into  an  ingot  that  is  reheated  and 
rolled  into  bars.  One  method  of  making  crucible  steel,  which 
is  also  called  cast  steel,  is  to  pack  blister  steel,  which  may 
be  broken  into  small  pieces,  into  crucibles,  and  then  melt  it. 
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These  crucibles  are  about  2  feet  hig^h  and  10  inches  in  diam- 
eter, and  are  capable  of  withstanding  very  high  temperatures. 
The  melting  furnaces  are  of  various  forms,  but  all  are  either 
lined  with  or  made  entirely  of  refractory  material;  frequently 
they  are  rectangular  in  form,  and  large  enough  to  hold  two 
crucibles  with  the  necessary  fuel  for  melting  their  charges. 
They  are  arranged  side  by  side  in  a  row  and  connected  with 
a  common  fine;  their  tops  are  usually  on  a  level  with  the 
floor,  while  the  ash-pits  are  reached  from  a  pit  extending 
along  the  front  of  the  row. 

Sometimes  manganese  and  also  material  for  a  flux  are 
added  to  the  charge  in  the  crucibles,  after  which  the  crucibles 
are  carefully  covered  with  air-tight  lids  made  of  the  same 
material  as  the  crucibles.  After  the  charge  is  fused,  it  is 
cast  into  an  ingot,  which  is  more  uniform  in  structure  than 
the  blister  steel  from  which  it  was  made.  This  ingot  is 
reheated  and  worked  under  the  hammer,  then  rolled  or  ham- 
mered into  bars  and  placed  on  the  market;  this  working 
greatly  improves  the  quality  of  the  metal. 

The  product  of  this  method  of  working  was  the  first  to  be 
called  crucible  or  cast  steel,  but  now  the  term  is  applied  also 
to  the  product  obtained  by  fusing  together  in  sealed  cru- 
cibles, as  described  above,  wrought  iron  and  carbon,  to  which 
there  are  sometimes  added  manganese,  tungsten,  chromium, 
molybdenum,  and  a  f!ux,  and  casting  them  into  an  ingot  that 
is  treated  in  the  same  manner  as  that  just  described. 

The  material  called  cast  steel,  the  use  of  the  term  being 
herein  confined  to  crucible  tool  cast  steel,  must  be  carefully 
distinguished  from  the  material  represented  by  the  term  sleel 
coiling.  The  latter  term  denotes  a  material  made  by  a  dif- 
ferent process,  and  is  altogether  different  from  cast  steel. 

Many  of  the  modern  furnaces  are  fired  by  gas  or  crude  oil. 
The  contents  of  the  crucibles  are  sometimes  poured  into 
a  large  ladle,  which  mixes  the  charge  and  insures  a  more 
uniform  grade  of  steel.  The  contents  of  this  large  ladle  are 
then  poured  into  ingot  molds,  and  these  ingots  are  subse- 
quently worked  down  under  hammers  or  with  rolls.  The  best 
tool  steel  is  worked  down  entirely  under  hammers. 
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5.  Temper  of  Tool  Steel. — The  steel  maker  uses  the 
word  temper  to  indicate  the  amount  of  carbon  in  the  steel; 
thus,  steel  of  high  temper  is  steel  containing  a  high  per- 
centage of  carbon;  steel  of  low  temper  is  steel  containing 
little  carbon;  steel  containing  amounts  of  carbon  between 
these  is  said  to  be  of  medium  temper.  This  term  should 
not  be  confused  with  the  act  of  tempering,  which  is  an  oper- 
ation for  reducing  the  hardness  of  steel  to  such  a  degree  as 
to  adapt  it  for  doing  the  particular  kind  of  work  required. 
The  temper  of  steel  is  often  indicated  bjr  saying  that  it  has  a 
certain  number  of  points  of  carbon,  a  point  being  .01  per 
cent.;  thus,  when  it  is  said  that  a  piece  of  steel  contains  ten 
points  of  carbon,  it  has  ten  one-hundredths  per  cent.,  or  oue- 
.  tenth  of  1  per  cent,  of  carbon,  which  is  written  .1  per  cent, 
carbon. 

Seebohm  gives  the  following  list  of  useful  tempers  for 
tool  steel: 

Kazor  temper,  1.5  per  cent,  carbon.  This  steel  requires 
very  skilful  manipulation,  as  it  is  easily  burned  by  being 
overheated;  when  used  for  turning  chilled  rolls,  it  will  do 
much  more  work  than  ordinary  tool  steel. 

Sa%T-flle  temper,  1.4  per  cent,  carbon.  This  steel  also 
requires  very  careful  treatment;  although  it  will  stand  a 
higher  degree  of  heat  than  the  preceding  temper,  it  should 
not  be  heated  beyond  a  cherry  red. 

Tool  temper,  1.25  per  cent,  carbon.  Steel  of  this  temper 
is  most  useful  for  drills  and  lathe  and  planer  tools  when  they 
are  to  be  used  by  the  average  workman;  by  careful  and 
skilful  manipulation,  it  is  possible  to  weld  steel  of  this 
temper. 

Spindle  temper,  1.1  per  cent,  carbon.  This  is  a  good 
temper  for  very  large  turning  tools,  circular  cutters,  mill 
picks,  taps,  screw-thread  dies,  and  the  tike;  it  requires  much 
care  in  welding. 

Cblsel  temper,  1  per  cent,  carbon.  This  is  a  very  useful 
temper  for  a  great  variety  of  tools.  The  steel  is  not  difBcult 
to  weld,  is  tough  when  unhardened.  and  may  be  hardened  at 
a  low  heat;  it  is  well  adapted  for  tools  that  must  have  a  hard 
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cutting  edge  backed  by  unhardened  metal  that  will  transmit 
the  blow  of  the  hammer  without  breaking,  as  in  cold  chisels. 

Set  temper,  .8  per  cent,  carbon.  Steel  of  this  temper  is 
well  adapted  for  tools,  such  as  cold  sets,  having  an  unhard- 
ened part  that  must  hold  up  under  the  severe  blows  of  a 
hammer;  it  may  easily  be  welded  by  a  smith  accustomed  to 
working  tool  steel. 

Die  temper,  .75  per  cent,  carbon.  This  temper  is  suitable 
for  tools  that  must  have  a  hardened  surface  and  be  able  to 
withstand  great  pressure,  as  dies  for  drop  hammers,  or  for 
pressing  or  cupping  sheet  metal  into  boiler  heads  and  allied 
forms;  it  is  easily  welded.  Recent  practice,  however,  has 
tended  toward  the  use  of  steels  of  higher  temper  for  die  work. 

The  percentage  of  carbon  in  the  steels  suitable  for  different 
classes  of  work  under  average  conditions  are  as  follows: 

.6  per  cent,  carbon  for  hot  work,  battering  tools,  ham- 
mers, etc, 

.6  to  .7  per  cent,  carbon  for  dull-edged  tools. 

.7  to  .8  per  cent,  carbon  for  cold  sets  and  hand  chisels. 

.8  to  1  per  cent,  carbon  for  chisels,  drills,  dies,  axes, 
knives,  etc. 

1  to  1.2  per  cent,  carbon  for  axes,  knives,  large  lathe  tools, 
large  drills,  and  dies.  If  used  for  drills  and  dies,  great  care 
is  required  in  tempering. 

1.2  to  1.7  per  cent,  carbon  for  lathe  tools,  small  drills,  etc. 

The  best  steel  for  general  work  is  that  containing  from 
.9  to  1  per  cent,  carbon. 

6.  Annealing  is  a  term  applied  to  the  operation  of 
heating  steel  to  a  cherry  red  and  then  permitting  it  to  cool 
slowly,  thereby  causing  it  to  become  soft  and  of  uniform 
structure  throughout. 

7.  HardenlnK  is  a  term  applied  to  the  operation  of  heat- 
ing steel  toa  medium  cherry  red  and  then  cooling  it  suddenly. 
The  steel  is  usually  cooled  by  plunging  it  in  water.  The 
degree  of  hardness  depends  on  the  amount  of  carbon  in  the 
steel,  the  temperature  to  which  it  is  heated,  and  the  sudden- 
ness with  which  it  is  chilled. 
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For  hardening:  high-carbon  tool  steel,  it  should  be  heated 
to  from  1,330°  F.  to  1,365°  F.,  and  never  above  1,470°  F. 

If  tungsten  or  chrome  steel  is  heated  to  1,800°  or  2,000°  F. 
and  cooled  in  a  hlast  of  air,  or  in  warm  oil,  the  steel  will  be 
hardened.  This  operation  is  often  termed  treating  or  alp- 
hapdenlng,  if  done  with  air. 

8.  Tempering  is  a  term  applied  to  the  operation  of 
redncing  the  hardness  of  steel  to  any  desired  degree.  If  a 
hardened  piece  of  steel  is  slowly  heated,  it  will  gradually 
become  softer  as  the  temperature  rises;  when  the  desired 
hardness  is  reached,  any  further  rise  in  temperature  and 
consequent  softening  of  the  steel  can  be  prevented  by 
dipping  it  into  some  cold  liquid. 


WORKING  TOOL  STBBIi 


SPBCIBfEN    PIBCB 
9.     Preparlnip  Specimen  Piece. — The  hardening  char- 
acteristics of  steel  may  be  sho.wn  by  making  a  specimen 
piece,  such  as  is  shown  in  Fig.  1,  and  so  tempering  it  that 
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it  will  present  all  the  degrees  of  hardness  from  an  annealed 
soft  steel  to  one  so  hard  and  brittle  that  a  sharp  comer  of  it 
will  scratch  glass. 

A  piece  of  tool  steel  is  drawn  ont  to  a  wedge  shape,  as 
shown,  measuring  i  inch  by  i  inch  at  tbe  small  end.  and 
i  inch  by  1  inch  at  the  large  end.  The  tapering  part  is  made 
about  4  inches  long,  but  2  inches  of  i  "  X  1"  stock  is  left  on 
the  large  end,  making  the  total  length  of  the  piece  6  inches. 
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This  piece  is  filed  brisht  and  is  then  polished  with  emery 
cloth. 

10.  Hardening:  Specimen  Piece. — The  piece  is  heated 
to  a  bright  red  and  then  dipped  into  cold  water,  t>eiag  held 
in  the  tongs  by  the  large  end.  It  should  be  dipped  endwise 
and  vigorously  moved  up  and  down  until  cold  throughout. 
When  cold,  it  is  again  rubbed  with  emery  cloth  until  bright. 
It  will  be  found  to  have  a  mottled  appearance;  the  £ile  will 
not  cut  it,  and  it  is  hard  and  brittle. 

11.  DrawlniT  tbe  Temper. — If  the  end  of  a  bar  of  iron 
at  least  1  inch  square  is  heated,  and  the  specimen  piece  laid 
on  the  hot  bar,  while  a  piece  of  cold  iron  about  1  inch  thick 
is  laid  under  the  point  to  keep  it  from  touching  the  hot  iron, 
the  large  end  a  will  rapidly  become  hot  from  its  contact  with 
the  heated  bar  of  iron,  while  the  other  end  c  will  warm  up 
very  slowly.  Soon  it  will  be  noticed  that  colors  have  begun 
to  appear  on  the  surface  of  the  steel.  A  very  pale  yellow 
starts  at  the  hot  stock  and  creeps  toward  the  small  end,  being 
followed  by  a  darker  yellow,  then  by  a  brown,  and  so  on, 
until  by  the  time  the  yellow  is  close  to  the  small  end,  the 
large  end  is  of  a  deep  slate  color;  this  operation  is  called 
drawing  the  temper. 

12.  Temper  Colors. — The  colors  produced  in  temper- 
ing steel  tools  are  caused  by  the  oxidation  of  the  surface  of 
the  steel.  The  amount  and  character  of  oxidation,  and  there- 
fore the  color,  vary  with  the  temperature,  and  indicate  the 
temperature  to  which  the  part  has  been  heated. 

The  colors  in  their  regular  order,  beginning  with  that  indi- 
cating the  greatest  hardness  of  the  steel,  are  generally  known 
by  the  following  names:  very  pale  yellow,  pale  yellow,  full  yel- 
low or  straw,  brown,  brown  with  purple  spots,  purple,  dark 
blue,  full  blue,  light  blue,  and  gray.  By  the  time  the  first 
tinge  of  yellow  appears  within  i  inch  of  the  small  end,  the 
heat  of  the  stock  will  be  nearly  spent;  at  this  time  the  piece 
should  be  plunged  into  water  and  cooled  for  the  purpose  of 
fixing  the  temper  and  color.  The  piece  will  then  be  soft 
enough  to  file  at  the  large  end  a,  while  the  point  remains 
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hard  and  brittle.      If  the  piece  is  cooled  iq  an  air  blast,  the 
colors  will  be  brighter. 

13.  Temperatures  Correspomilng  to  Temper  Col- 
ore.— Table  I  shows  what  colors  are  produced  at  various 
temperatures,  and  it  also  gives  the  names  of  a  few  tools  or 
instruments  usually  tempered  to  the  various  degrees  of 
hardness  obtained  at  these  temperatures.  The  temper 
should  be  drawn  slowly,  as  it  is  easier  to  watch  changes 
of  color,  and  the  danger  of  drawing  it  too  far  is  reduced. 
Different  makes  of  steel  vary  somewhat  as  to  the  degree  of 
hardness  corresponding  to  a  given  color,  but  the  table  may 
be  taken  as  representing  a  fair  average. 

By  examining  the  gradations  of  color  on  the  accompany- 
ing chart  of  Temper  Colors  and  Approximate  Temperatures 
through  a  narrow  slot,  say  i  inch  by  li  inches  in  a  piece  of 
white  paper  or  cardboard,  placing  the  opening  in  the  card- 
board opposite  the  name  of  the  color  to  which  the  temper  of 
the  steel  is  to  be  drawn,  an  approximately  correct  idea  of  the 
various  temper  colors  given  in  Table  I  may  be  obtained. 
It  should  be  borne  in  mind,  however,  that  the  color  values 
of  the  chart  are  not  in  any  sense  fixed  or  absolute,  for  in 
practice  it  will  be  found  that  different  grades  of  tool  steel 
exhibit  different  gradations  of  color  when  tempered.  Prac- 
tice in  tempering  any  given  grade  of  steel  is  therefore  neces- 
sary in  order  to  determine  whether  the  degree  of  hardness 
corresponding  to  a  given  color  on  the  chart  is  such  as  to 
enable  diiferent  tools  to  meet  the  requirements  of  the  work 
for  which  they  are  intended.  The  chart  will,  however,  serve 
as  a  guide  in  determining  the  characteristic  qualities  of 
various  grades  of  steel. 

HAEING    A    COLD    CHISEIi 

14.  Forging  a  Cold  Chisel. — If  it  is  required  to  make 
a  cold  chisel  of  the  form  and  dimensions  illustrated  in 
Fig.  2,  a  piece  6  inches  long  is  cut  from  a  bar  of  f-inch  octa- 
gon steel.  The  piece  is  put  into  the  fire  so  as  to  heat  the 
end,  for  a  distance  of  about  2  inches,  to  a  medium  cherry-red 
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Pull  yello*.  or  straw  color 
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Color 

V^^?^^.\. 

KiDdotTool 

Very  pale  yellow 

430 

Scrapers,  light-turning 
tools,  lancets 

Pale  yellow 

#SO 

Razors,  surgical  instru- 
ments 

460 

Lathe  tools,  miUing  cutten 

Fnll  yellow,  or  straw 

470 

Penknives,  drilhi  for  iron 

BrowD 

490 

Taps,  reamers,  dies  for 
screw  cutting,  small  cut- 
lery, shears,  flat  drills 

Sio 

Axes,  planes,  poctet  knivea, 
wood  chisels 

Pnrple 

S30 

Twist  drills,  cold  chisels  for 
very  light  work,  table 
knives,  large  shears 

Dark  blue 

SSO 

Wood  saws 

PoUbloe 

560 

saws,  daggers 

5B0 

Carving  knives,  spring! 

Light  bine 

600 

Drills  for  wood,  cold  chiadi, 
swords 

Gray 

joo  to  7SO 
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color.  The  fire  must  be  clean  and  the  heat  raised  with 
sufficient  rapidity  to  prevent  soaking^  the  steel,  and  yet  heat 
the  piece  thoroughly  without  burning  the  comers.  Soaking 
consists  in  heating  the  steel  so  slowly  that  there  is  a  loss  of 
carbon  from  the  surface  of  the  steel,  and  as  a  result  the  sur- 
face becomes  too  soft.  On  the  other  hand,  too  rapid  heating 
results  in  overheating,  or  burning,  the  steel,  also  causing 
unequal  expansion  in  the  piece,  which  may  cause  it  to  crack 
when  being  hardened. 

When  a  medium  cherry-red  heat  is  reached,  the  end  of  the 
piece  is  drawn  to  a  wedge  shape  by  rapid  hammer  blows. 
If  the  end  begins  to  spread  sidewise,  it  can  be  brought 
back  into  shape  by  a  few  hammer  blows  on  the  edges;  all 
the  edgewise  hammering  should  be  done  early,  and  none 
toward  the  finishing,  when  the  heat  is  low.     The  end  is 


drawn  to  an  edge  a  by  light  hammer  blows,  taking  care  not 
to  work  it  below  a  black  heat,  as  this  would  tend  to  crack  it. 
When  the  edge  has  been  drawn  out,  the  rough  or  ragged 
part  is  cut  off  with  the  hot  cutter,  laying  a  piece  of  soft  iron 
between  it  and  the  anvil  so  as  to  avoid  cutting  against  the 
hardened  face  of  the  anvil  and  spoiling  the  hot  cutter.  The 
head  of  the  chisel  is  then  rounded,  as  shown  at  b.  Fig.  2. 
The  chisel  is  now  ready  to  be  tempered,  which  operation 
may  be  divided  into  three  steps:  annealing,  hardening,  and 
drawing  the  temper,  or  tempering. 

Id  most  cases  the  piece  should  be  annealed  in  order  to 
make  it  homogeneous;  although  the  annealing  is  often 
neglected,  better  results  are  obtained  when  it  is  done. 
When  steel  is  worked,  its  structure  changes,  and  in  the  case 
of  the  chisel,  the  thinner  part — having  been  worked  more 
than  the  thick  part,  and  having  been  heated  more  rapidly 
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and  to  a  higher  temperature,  aiul  also  bavine  been  cooled 
more  quickly  by  the  cold  anvil  and  bammer — is,  therefore, 
more  likely  to  be  brittle,  and  the  steel  is  no  looker  homo- 
geneous, or  in  other  words,  uniform  in  structure.  It  should 
be  made  so,  however,  before  tempering;  otherwise  the  various 
parts  are  likely  to  be  tempered  unevenly.  The  process  of 
heating  for  hardening  the  tool  does  mnch  to  restore  the 
uniformity  of  steel,  but  often  this  is  not  sufficient,  and  for 
this  reason  it  is  preferable  to  anneal  every  tool  before  it 
is  hardened.  To  anneal  the  steel,  it  is  put  into  the  tire  and 
heated  to  a  dull  red  heat,  care  being  taken  not  to  overheat 
the  thin  edges.  When  uniformly  heated,  it  is  taken  from 
the  fire  and  placed  in  the  warm  ashes  on  the  side  of  the 
forge,  and  allowed  to  cool  until  the  heat  produces  no  visible 
color  when  the  piece  of  steel  is  held  in  a  dark  place,  as 
under  the  forge;  and  then  it  may  be  cooled  by  being  plunged 
into  water.  This  makes  it  homogeneous  once  more,  and  it 
is  ready  to  be  hardened. 

15>  Hardening^  a  Cold  Chisel. — In  order  to  harden 
the  chisel,  it  is  heated  to  an  even,  medium-red  color,  a  little 
below  the  forging  heat  and  a  little  above  the  annealing  heat. 
It  is  then  plunged  endwise  into  cold  water,  care  being  taken 
to  plunge  it  in  straight,  letting  the  sharp  end  strike  the 
water  first.  It  should  be  thrust  down  vertically,  then  moved 
up  and  down,  in  order  to  bring  its  surface  in  contact  with  as 
much  cold  water  as  possible,  thereby  cooling  it  rapidly.  If 
plunged  stdewise,  one  side  will  cool  sooner  than  the  other, 
and  the  piece  will  warp.  This  would  not  be  a  very'  serious 
defect  in  a  cold  chisel,  but  it  would  be  in  finer  tools,  and 
carelessness  in  making  rough  tools  might  lead  to  careless- 
ness in  making  finer  ones.  When  plunged,  the  work  should 
not  be  held  quietly,  because  the  hot  tool  transforms  the 
water  with  which  it  comes  in  contact  into  steam,  which  envel- 
ops the  steel  and  keeps  ofl  the  cold  water;  by  moving  the 
piece  continually  it  is  chilled  more  effectively.  Moving  the 
steel  from  side  to  side,  however,  has  the  same  effect  as  that 
of  plimging  it  sidewise. 
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16.  TemperinK  a  Cold  Chisel. — When  properly  hard- 
ened, the  faces  of  the  chisel  are  rubbed  brieht  with  emery 
cloth  or  sandpaper,  or  a  piece  of  g^rindstone,  so  that  the 
colors  can  be  watched  while  drawing  the  temper.  If  the 
body  of  the  chisel  is  now  heated  by  holding  it  across  a  bar 
of  hot  iron,  the  temper  will  be  drawn  gradually,  and  when 
the  brown  color  reaches  the  cutting  edge,  the  point  of  the 
chisel  is  dipped  into  water  to  hold  the  temper  where  it  is. 
The  chisel  can  then  be  ground  on  a  grindstone  and  tried 
on  a  piece  of  iron.  The  point  should  be  the  hardest  part 
of  the  chisel,  for  if  there  is  a  harder  part  farther  back,  the 
chisel  will  be  likely  to  break  at  that  place. 

17.  Hardening  and .  Tempering  a  Cold  Chisel  In 
One  Heat. — In  practice,  a  cold  chisel  is  generally  hardened 
and  tempered  in  one  heat.  The  cutting  end  is  heated  to  a 
medium  red,  letting  the  heat  extend  pretty  far  back.  It  is 
then  taken  from  the  fire  and  the  point  plunged  into  cold 
water,  chilling  it  about  H  inches  back.  In  plunging  a  piece 
of  steel  in  this  way,  it  must  be  moved  up  and  down  a  little, 
so  as  to  avoid  starting  a  water  crack  between  the  hardened 
part  and  the  soft  stock.  As  soon  as  the  point  has  been  suf- 
ficiently chilled,  it  is  polished  rapidly.  The  heat  still  retained 
in  the  stock  will  gradually  run  to  the  point  and  draw  the 
temper,  and  the  colors  can  be  watched  on  the  bright  part. 
When  the  desired  color  is  reached  at  the  point,  the  chisel 
is  dipped  into  cold  water  to  hold  the  temper  where  it  is. 
In  dipping  tools  for  hardening  or  tempering,  great  care 
must  be  taken  to  keep  them  in  the  water  long  enough  to 
chill  the  steel  throughout.  When  the  tool  is  dipped, 
the  outside  becomes  chilled  and  contracts,  forming  a  hard, 
brittle  shell  for  the  heated  interior  mass  of  metal.  As  the 
latter  cools  it  also  contracts,  but  being  held  to  the  already 
hardened  external  shell  it  cannot  contract  to  its  original 
size,  and  hence  there  is  produced  an  internal  stress  on 
the  steel  that  may  cause  it  to  crack.  To  prevent  cracking, 
the  steel  should  not  be  plunged  when  heated  beyond 
medium-red  heat. 
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MAKINO    A    CAPE    CHIgBI. 

18*  The  form  and  dimensions  of  the  cape  chisel  to  be 
made  are  shown  in  Fig.  3.  The  heated  end  of  the  bar  of 
steel  is  laid  across  the  rounding  edge  of  the  anvil,  the  end 
of  the  bar  toward  the  hand  being  below  the  face  of  the  anvil, 


as  shown  in  Fig.  4.  The  first  forming,  which  is  begun  at 
a  distance  from  the  end  of  the  bar  that  will  give  sufficient 
metal  for  the  chisel,  is  for  the  shoulders  of  the  sides  where 
they  widen  into  the  handle  of  the  chisel.  For  this  the  fuller 
is  used  over  the  rounding  edge  of  the  anvil,  care  being  takea 
to  have  the  shoulders  equal  and  opposite  each  other.  The 
piece  is  tamed  frequently,  so  that  the  effect  of  the  work 
may  be  seen  and  the  sides  kept  alike.  After  the  shoulders 
have  been  formed,  the  stock  on  the  sides  may  be  drawn 
down  slightly  with  the  fuller  before  the  sledge  and  hammer 
are  used  to  bring  the  chisel,  roughly,  to  the  form  shown  in 


Fig.  3.  The  finishing  is  done  with  a  hand  hammer  or  a 
flatter.  When  properly  formed,  the  chisel  is  cut  from  the 
bar  to  the  required  length,  which  ranges  between  6  and  8 
inches,  and  the  head  is  formed,  after  which  the  chisel  is 
annealed. 

The  point  is  then  generally  hardened  and  the  temper 
drawn  in  a  single  heat,  in  the  same  manner  as  described  in 
connection  with  the  cold  chisel. 
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MAKING    A    HAHHBB 


19.  ForglnfiT  a  Hammer. — For  practice  in  working 
tool  steel,  the  making  of  a  cross-peen  hammer,  like  that 
shown  in  Pig.  5,  is  useful.     Two  hammer  heads  ma?  be 


made  at  one  operation,  by  nsing  a  piece  of  tool  steel  i  inch 
square  and  5i  inches  long.  Having,  with  a  center  punch, 
marked  their  centers  li  inches  from  each  end,  as  shown  in 
Fig.  6,  punch  the  holes  for  the  handles  with  an  eye  punch 
having  a  point  considerably  smaller  than  the  required  hole; 
drive  the  punch  half  way  through,  then  drive  from  the  other 
side.  The  hole  is  then  finished  by  driving  into  it  what  is 
known  as  a  drltt  plu,  that  is,  a  pin  of  the  required  size  and 
shape.  To  make  the  sides  of  the  hole  parallel  and  the  open- 
ing of  the  proper  shape,  it  is  necessary  to  work  the  pin,  or 
drift,  into  the  hole  made  by  the  punch,  very  carefully,  keep- 


"pr~TVV 
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ing  the  steel  closed  around  the  drift  during  the  operation 
of  shaping  the  hole  so  as  to  permit  of  wedging  the  hammer 
handle  therein.  The  stock  must  be  hot  enough  to  work  freely. 
The  face  end  a.  Fig.  5,  is  drawn  out  to  the  form  shown;  the 
change  in  section  from  the  square  to  the  octagonal,  and  the 
slight  taper  from  the  eye  to  the  face,  will  increase  the  length 
by  *  inch,  or  more.     Holding  in  the  tongs  the  end  that  has 
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been  drawn  out,  the  other  end  is  treated  in  the  same  manner. 
Next,  the  stoct  is  cut  apart  at  e.  Fig.  6,  and  the  peen  ends 
are  drawn  to  the  form  and  dimensions  shown  in  Fig.  5. 
Ball-peen  hammers  and  those  baving  other  shapes  may  be 
made  in  nearly  the  same  manner.  The  drawing  may  be 
done  with  a  band  hammer,  or  with  the  fuller  and  flatter. 

20.  Hardening   and    Tempering    a    Hammer. — A 

machinist's  or  blacksmith's  hammer  is  usually  hardened  by 
grasping  the  peen  end  in  a  pair  of  tongs  and  heating  the 
face  end  by  thrusting  it  only  a  little  way  into  the  fire,  turning 
it  frequently.  There  is  danger  that  the  outside  corners  will 
be  overheated  before  the  center  of  the  hammer  face  is  hot 
enough  to  harden  properly.  The  easiest  way  to  avoid  this 
is  to  heat  slowly,  though  care  must  be  taken  not  to  let  the 
heat  run  too  far  back  toward  the  eye.  Some  smiths  cool 
the  corners  of  the  hammer  slightly  by  dipping  them  into 
water,  holding  the  hammer  nearly  flat  and  revolving  the 
comers  iu  the  water,  thus  cooling  them  slightly.  The  ham- 
mer is  then  replaced  in  the  fire  tintil  it  is  brought  to  the 
hardening  temperature,  usually  a  dull  red,  when  it  is  hard- 
ened by  dipping  the  face  about  i  inch  into  the  water,  and 
moving  it  about  quickly  with  a  circular  motion.  This  will 
harden  the  face;  its  hardness  should  be  tested  with  a  flle, 
both  in  the  center  and  at  the  comer,  and  if  sufficiently  hard 
the  face  may  be  brightened  with  emery  paper  or  a  piece  of 
grindstone,  and  the  temper  drawn  to  a  purple  or  blue  by  the 
heat  remaining  in  the  body  of  the  hammer.  The  hammer 
may  then  be  cooled  in  water  sufficiently  to  arrest  the  temper- 
drawing  process.  The  same  operation  is  repeated  in  hard- 
ening and  tempering  the  peen  end  of  the  hammer,  care  being 
taken  to  keep  the  face  end  cool  by  sprinkling  with  water 
if  necessary. 

HAKnTG    A    DIAMOKD-POrNTSO    LATBE    TOOL 

21.  Forglna:  a  Diamond -Pointed  Iiatbe  Tool. — The 
stock  for  a  small  diamond-pointed  lathe  tool  should  be  of 
tool  steel  i  inch  by  1  inch  in  section  and  i  inch  less  than  the 
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lencrth  of  the  fitiished  tool.  The  form  of  a  right-hand  tool 
is  shown  in  Fig.  7.  One  end  is  squared  and  given  a  iV-inch 
bevel  on  the  edges,  as  shown  at  e,  and  the  other  end  dravm  to 
the  form  shown  in  Pig.  8  (a).    Next,  it  is  drawn  to  the  form 


shown  in  Fig.  8  {b),  and  then  the  edge  b  is  placed  in  contact 
with  the  face  of  the  anvil,  holding  tbe  bodj  of  the  tool 
obliquely  across  the  side,  as  shown  in  ^ig.  9  [a),  and  a  few 
blows  struck  on  the  uppermost  comer.  Its  position  is  then 
shifted  until  the  other  inside  comer  is  in  contact  with  the 
anvil  face,  as  shown  in  Fig,  9  {b),  and  a  few  blows  again 
struck  on  the  uppermost  comer.    It  is  now  returned  to  the 


X^  "\\.  ^ 
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first  position  and  a  few  blows  struck,  when  it  is  changed 
again.  This  operation  is  continued  until  the  end  is  square 
in  section  and  of  the  form  shown  in  Fig.  7.  Next,  the 
point  /,  Fig.  8  {b),  is  cut  off  at  an  angle,  as  shown  in  Fig.  7, 
with  a  sharp  cutter,  the  direction  of  the  cut   being   from 
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the  anfle  d  to  the  opposite  comer.     The  point  is  then  bent 
to  one  side,  as  shown.     All  the  work  must  be  done  at  a  low 
heat  or  the  steel  will  be  injured.     Care  must  be  taken,  how- 
ever,  in  working  at  a  low  temperature  to  prevent  a  crack 
forming  at  a.  Fig.  7. 
The  tool   is    then 
hardened      and     the 
temper  is  drawn  to  a 
light  straw  color  for 
about     t    inch    back 
from    the    cutting 
edge.   The  hardening 

and    tempering     are  ^^^ 

done  in  the  same 
manner  as  described 
for  the  cold  chisel. 


22.  ForirluiT  tt 
Rlght-Hand  Side 
Tool. — To  make  a 
right-hand  side  tool, 
take  a  piece  of  tool 
steel  1  inch  by  i  inch 
in  section  and  the 
length  required  for 
the  tool,  which  is  to 
be  of  the  form  shown 
in  Fig.  10.  Bevel 
one  end  of  the  stock 
li  inches  from  the 
corner,  as  shown  in 

Fig.  11  (a);  then  place  •^'=■1" 

it  on  the  anvil  so  that  the  comer  a  is  over  the  rounded 
edge,  the  piece  being  held  as  shown  in  Fig.  11  {b),  and 
drive  it  down  with  blows  delivered  in  the  direction  of 
the  arrows  in  Fig.  11  (c).  This  will  bring  it  to  the  shape 
shown  in  Fig.  11  (d),  the  edge  cd  being  made  thinner  than 
the  back  el.     When  it  is  forged  to  the  right  thickness  and 
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the  back  properly  shaped,  the  edge  and  point  are  cat  off  with 
a  hot  cutter  to  the  shape  indicated  by  the  dotted  lines  in 
Fig.  11  (</).  After  the  parts  are  made  of  the  required  thick- 
ness and  dimensions,  the  edge  is  set  over  to  one  side  in  the 
manner  shown  in  Fig.  11  (e),  the  piece  being  placed  over 


i  ^■■ti-  "^t 


the  rounded  edge  of  the  anvil  and  the  set  hammer  used  as 
indicated. 

The  temper  should  be  drawn  to  a  dark  straw  color.  Care 
must  be  taken  not  to  overheat  the  thin  edge,  and  it  is  well 
to  dip  this  tool  as  shown  in  Fig.  11  (/);  this  leaves  the 
heel  a  red  hot,  and  provides  a  source  of  heat  for  drawing  the 
temper. 
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23.  Special  Bwages. — When  a  large  number  of  tools 
are  to  be  dressed,  it  is  advisable  to  use  special  swages,  one 
form  of  which  is  shown  in  Pig.  12.  This  one  is  used  for 
either  right-  or  left-hand  side  tools;  it  fits  the  hardie  hole, 
and  tools  are  formed  in  the  swage  by  means  of  a  flatter. 


MAKING    A    BOBINO    TOOL 

24.  Forging  a,  Boring  Tool. — The  boring  tool  shown 
in  Pig.  13  {a)  is  made  of  the  same  stock  as  the  side  tool.  A 
proper  amount  of  the  end  is  drawn  down  with  the  sledge  and 
hammer  to  the  form  shown  in  Fig.  13  (*).  Then  i  inch  of 
the  end  ia  placed  on  the  anvil,  the  shoulder  shown  at  a, 
Pig.  13  U),  is  formed,  and  the  end  bent  to  the  shape  shown 
by  the  dotted  lines  in  Pig.  13  (c).  The  point  is  cut  to  the 
required  shape  with  a  sharp  hot  cutter,  and  the  tool  finished 
as  shown  in  Pig.  13  (a). 

This  tool  is  tempered  to  a  dart  straw  color,  as  was  the 
side  tool.  In  most  cases,  only  the  cutting  edge  is  left  hard, 
the  temper  being  drawn  by  allowing  heat  from  the  body  of 
the  tool  to  run  to  the  point.  In  the  case  of  very  long  slender 
tools,  the  entire  length  of  the 
drawn-out  portion  of  the  tool  is 
sometimes  hardened  to  give  stiif- 
ness  to  the  tool.  The  neck  is  then 
drawn  to  a  spring  temper  by  heat- 
ing over  a  bar  of  hot  iron. 


SPECIAL    TOOL.    DSBS8ING 

25.     Stone     Cblsels. — Por 

carving    and   lettering    stone, 
special     chisels     are     used    with 
•^"^ "  wooden    mallets.     They    have   a 

ball-shaped  head,  as  shown  in  Pig.  14.  and  the  body  is 
swaged  down  tapering  under  the  head;  this  lightens  the 
chisel  and  gives  it  a  better  balance  in  the  hand.  These 
chisels  are  made  of  -}-,  i-,  f-,  and  i-inch  octagonal  steel.     In 
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making  these  chisels,  the  pieces  of  steel  are  cut  o£E  at  a  proper 
length  for  two  chisels,  and  the  ends  of  six  or  eight  pieces 
are  placed  different  distances  into  the  fire.  The  one  farthest 
in  the  fire  will  arrive  at  the  proper  heat  first,  and  be  removed, 
and  placed  in  the  heading  machine,  Fig.  15,  which  is  similar 
to  a  bolt  heading  machine;  a  regular  bolt  heading  machine 
may  be  used  if  desired.  The  lower  end  of  the  steel  rests  on 
a  support  a,  the  upper  end  is  gripped  between  the  dies  b  by 


the  pressure  of  the  foot  on  the  treadle  c,  and  the  steel  is 
quickly  upset  by  a  few  blows  of  a  light  sledge  and  the 
blacksmith's  hammer.  The  hot  steel  is  then  removed  to  a 
hardened-steel  die,  or  swage,  d  on  the  anvil  shown  in 
Fig.  16.  This  die  rests  loosely  on  the  face  of  the  anvil, 
and  is  held  in  place  by  the  saddle  e  placed  across  the  anvil. 
The  clamp  /,  fastened  with  two  setscrews,  helps  to  retain 
the  die  on  the  anvil.     A  top  swage  g,  with  a  handle  about 
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1  foot  long,  is  also  used.  The  ball  head  of  the  chisel  is 
formed  between  the  top  and  bottom  swages,  which  also 
form  the  taper  neck 
under  the  head,  the 
steel  being  rotated  dur- 
ing  the  operation. 
Sometimes  there  will 
form  at  the  center  of 
the  head  a  small  teat. 
which  can  be  knockeii 
off  with  a  hot  cutter  by 
a  single  blow  of  a  light 
sledge.  By  the  aid  of 
these  tools,  only  a  few 
seconds  are  required  to 
form  each  head,  a  new 
piece  of  steel  being  put 
into  the  tire  at  the  same 
''"'■■'*  '  time    the    hot    one    is 

removed.  With  nicely  polished  swages,  the  chisel  heads 
are  formed  with  a  smooth  finish,  which  is  easy  on  the 
wooden  mallet.  The  center  of  the  head  is  usually  touched 
on  an  emery  wheel  to  smooth  it;  after  both  ends  are  headed, 
the  pieces  of  steel 
are  cut  in  the  middle 
and  drawn  out  into 
long,  slender  wedge- 
shaped  chisels. 


26.  Special 
Hardle  lor  Stune 
Drills.— A  special 
hardie,  shown  at  a, 
Fig.  17,  is  often  used 
in  dressing  special 
tools.  The  hardie 
fits  in  a  square  hole  in  a  saddle  placed 
which  it  is  held  by  a  setscrew  on  either 


the    anvil   to 
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27.  DressluK  Stone  Drills. — A  stone  drill,  known  as 
the  plug  and  feather  drill,  is  shown  in  Fig.  18. 
As  it  is  used  with  the  hammer,  the  ball,  or  mallet 
head,  is  not  required,  and  the  end  of  the  drill  is  a 
blunt  taper.  A  special  fixture  h,  Fig.  17,  is  used  on 
the  anvil  while  dressing  the  drill.  This  consists  of 
a  block  of  steel,  about  3  inches  square  and  li  inches 
thick,  that  has  a  shank  fitting  the  hardie  hole;  this 
shank  is  slotted  for  a  key  i  that  holds  the  fixture 
firmly  to  the  anvil.  The  top  of  the  block  slants  as 
shown,  and  the  high  side  is  chamfered,  as,  other- 
wise, the  edge  would  be  likely  to  chip  ofE.  By 
using  this  fixture  and  the  special  hammer  shown 
in  Fig,  19,  the  drill  may  be  held  level  while  being 
forged.'  The  drill  should  be  turned  over  occasion-  pio.  u 
ally  while  being  dressed. 

28.  Dressing   Marble   Tnmlnsr  Tool. — For   making 
columns  or  other  round  work,   marble  may  be  readily  and 


rapidly  turned  in  a  lathe.  For  such  work  a  different  form  of 
tool  from  that  used  in  lathes 
for  turning  metals  is  required, 
and  frequent  dressing  is  neces- 
sary. Fig.  20  shows  a  steel 
die  having  a  shank  that  fits  the 
hardie  hole  of  an  anvil,  the 
die  being  used  for  giving  the  proper  shape  to  the  nose  of 
the  marble  turning  tool  shown  in  Fig.  21.     Such  Cools  are 
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made   with   cutting   edges   either   round,    oval,  square,  or 

diamond  shaped,  or  any  special  shape  desired.  The  tools 
are  tempered  to   a  straw  color. 


HAKIHO    A    FLAT    BPRING 

29.  ForfclnK  a  Spring. — To  make  a  flat  spring,  like 
the  one  shown  in  Fig,  22,  a  piece  of  steel  is  drawn  out  flat 
and  slightly  tapered,  care  being  taken  to  make  the  taper 
very  regular,  and  finishing  it  with  a  flatter  until  It  is  per- 
fectly straight.     The  steel  is   then   annealed   and   filed  or 


Pio.  12 

ground  on  a  stone  to  remove  all  irregularities  and  uneven 
spots.  It  may  then  be  bent  cold  in  the  band,  or  over  the 
horn  of  the  anvil  without  hammering;  or  it  may  be  heated 
and  then  bent  into  the  shape  shown  in  Fig.  22.  When 
evenly  bent  it  is  ready  for  hardening. 

30.  Hardening  and  Temperinif  a  Hprlng. — If  the 
fire  is  large  enough,  the  entire  spring  may  be  evenly  heated 
in  an  open  fire.  Another  way  to  secure  uniform  heating  is 
to  heat  it  in  a  pan  of  sand.  The  heating  should  be  slow 
and  even,  the  piece  being  raised  to  a  cherry-red  heat  and 
cooled  in  oil  or  water.  The  spring  may  be  held  in  the 
tongs  and  dipped  vertically.  After  treatment  in  this  manner, 
the  surface  should  have  a  mottled  appearance;  if  it  has  not 
this  appearance,  it  is  probably  not  hard  enough,  and  the 
hardening  process  should  be  repeated. 

When  hardened,  the  steel  is  rubbed  bright  with  emery 
cloth  and  then  tempered  to  a  dark  blue  color.  The  temper- 
ing can  be  done  over  the  open  fire,  or  in  a  sand  bath  pre- 
viously heated  to  the  proper  temperature,  or  over  a  piece  of 
hot  iron.  When  drawn  to  a  dark  blue  color,  the  spring  is 
plunged  into  cold  water. 

The  temper  may  be  drawn  by  holding  it  over  the  fire  and 
beating  it  slowly  and  evenly  by  moving  it  back  and  forth, 
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using  a  light  draft.  To  know  when  it  has  reached  the  right 
temperature,  a  pine  stick,  sharpened  to  a  point,  is  nibl>ed 
over  the  surface;  when  sparks  follow  the  stick  the  right  tem- 
perature has  been  reached  and  the  spring  is  then  plunged 
into  oil  or  water.  Care  should  be  taken  to  heat  and  cool  the 
spring  evenly,  in  order  to  prevent  it  from  warping. 

The  temper  of  springs  may  also  be  drawn  by  a  process 
variously  known  as  burnloK  ott,  nasbln^  off,  and  blazlnfjf 
off,    described    in    Hardening    and 
Tempering. 

31.  Testiuff  a  Spring. — The 
spring  may  be  tested  as  follows: 
Its  shape  is  first  marked  off  on  the 
bench  or  on  a  sheet  of  paper,  then  it 
is  clamped  in  the  vise  at  the  thicker 
end  and  the  projecting  thin  end  bent 
forwards  and  allowed  to  spring  back 
several  times.  The  spring  is  then 
compared  with  the  drawing  to  see 
whether  it  has  changed  its  form.  If 
so,  it  is  too  soft;  if  it  breaks,  it  is 
too  hard.  Or  it  may  be  clamped  in 
a  vise  with  a  piece  of  iron,  as  shown 
in  Fig.  23,  and  the  distance  a  meas- 
ured; it  is  then  forced  down  until  the 
point  touches  the  iron.  After  it  is 
released,  if  the  distance  a  measures 
the  same  as  at  first,  it  is  property 
tempered.     It   must    not    be    struck     ,  Fio.  23 

or  dropped  after  it  is  tempered,  as  it  might  thereby 
be  broken. 


I    TOOL    STEEL 

32.     In  order  that  two  pieces  of  steel   may  be  welded 
together,  it  is  usually  necessary  that  the  parts  to  be  joined 
shall  be  heated  until  they  are  plastic,  and  then  brought  into 
close  contact.    If  the  surfaces  are  exposed  to  the  air  when  the  ■ 
parts  are  heated  to  a  plastic  condition,  they  become  covered 
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with  a  scale  of  oxide  of  iron.  Hence,  to  secure  a  perfect 
contact  of  the  parts,  this  oxide  must  be  made  so  fluid  that  it 
will  readily  squeeze  out  from  between  the  surfaces  to  be 
welded.  To  do  this,  either  the  steel  must  be  heated  to  the 
temperature  at  which  the  scale  will  melt,  which  will  be  a  very 
high  temperature,  or  some  means  must  be  used  to  fuse  the 
scale  at  a  temperature  below  that  which  would  injure  the 
steel  by  buriil]i§:.  This  is  done  by  applying  to  the  heated 
parts  a  flux  that  melts  and  adheres  to  the  heated  surfaces, 
preventing'  excessive  oxidation  and,  at  the  same  time,  uniting 
with  the  scale  to  form  a  mixture  that  is  fusible  at  a  much 
lower  temperature  than  would  be  necessary  to  melt  the  scale 
alone.     Borax  is  commonly  used  for  this  purpose. 

Before  attempting  to  weld  any  grade  of  steel  the  smith 
should  know  its  quality,  and  how  its  structure  and  welding 
properties  will  probably  be  affected,  if  they  are  affected  at 
all,  by  varying  both  the  temperature  to  which  it  is  heated, 
and  the  method  by  which  it  is  worked. 

33.  It  should  be  borne  in  mind  that  the  structure  of  the 
steel,  which  means  the  size  of  the  crystalline  grains  of  which 
the  steel  is  composed,  is  affected  by  the  temperature  to 
which  it  is  heated,  the  amount  and  character  of  the  subse- 
quent working  of  the  metal  in  making  the  weld,  the  heat  of 
the  metal  when  the  forging  work  on  it  is  discontinued,  and 
the  rapidity  of  the  final  cooling.  Some  steels  will  withstand 
a  greater  heat  than  others  without  injury,  but,  in  general, 
the  most  important  points  to  be  observed  are  the  method  of 
working,  and  cooling,  the  steel.  It  seems  to  be  established 
that  the  greater  the  amount  of  carbon  that  a  steel  contains, 
the  lower  is  the  temperature  to  which  it  may  safely  be  heated. 
Suppose  that  the  steel  is  heated  to  a  full  red,  or  above,  for 
welding,  and  the  work  of  making  the  weld  is  done  quickly, 
leaving  the  metal  still  at  a  high  temperature;  if  the  metal  is 
allowed  to  cool  slowly,  it  will  be  coarser  grained  and  more 
brittle  than  when  the  forging  is  continued  until  the  temper- 
ature of  the  steel  falls  below  that  of  a  low  red  and  the  metal 
is  allowed  to  cool   slowly  from  that  point.     On  the  other 
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hand,  if,  after  having  finished  working,  the  steel  is  cooled 
suddenly  to  a  low  red  heat  by  being  plunged  into  water,  ^nd 
then  allowed  to  cool  slowly  in  a  dry  place,  the  quality  of  the 
grain  and  the  strength  of  the  piece  will  be  superior  to  that 
which  would  result  from  allowing  it  to  cool  slowly  from  the 
higher  temperature. 

If  the  piece  is  cooled  suddenly  from  the  temperature  at 
which  the  work  was  finished  to  the  temperature  of  the  air, 
by  quenching  in  water,  the  size  of  the  grain  and  the 
strength  of  the  steel  will  in  all  probability  be  superior 
to  that  obtained  by  allowing  the  steel  to  cool  slowly  in 
the  air. 

Cooling  rapidly  from  a  high  heat  after  forging  is  likel? 
to  crack  or  break  the  steel. 

With  carbon  steels,  the  tempering  heat  is 
lower  than  the  annealing  heat;  the  annealing 
heat  is  lower  than  the  hardening  heat;  and  the 
hardening  heat  is  lower  than  the  forging  heat. 
The  only  exception  is  in  the  case  of  the  high- 
speed alloy  steel. 

In  making  a  number  of  articles  of  Steel, 
should  a  defect  appear  always  in  the  same 
place,  it  is  likely  that  something  is  wrong  with 
the  method  rather  than  with  the  steel. 


STEEMNO 

34.  BtecllnK  a  Pick  Point. — The  oper- 
ation of  welding  a  steel  edge  or  point  on  a 
tool  whose  stock  is  made  of  wrought  iron  is 
termed  HtcrltiiK.     The  cleft  weld  is  generally 

used    for    this     purpose,    on    account    of    its 

strength.     If  the  point  i  of  a   pick    mattock, 

shown  in   Fig.  24,  is  to  be  steeled,  the  iron  is  fio.m 

split  open,   as  shown    at   /,   Fig.    25,    and   prepared   for   a 

cleft  weld.     The  bar  of  steel ;/  is  then  scarfed  on  both  sides, 

as   shown,  both    pieces    heated,  and    then  welded  together. 

After  this,  the  point   is  drawn  out  to  the  required  shape, 
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as  shown.     Picks,  axes,  adzes,  and  similar  tools,  are  gen- 
erally steeled  in  this  way. 

35.  Steel  racing, — When 
a  sheet  of  steel  is  welded  to 
an  iron  back,  the  operation  is 
called  steel  facing;.  A  thick 
piece  of  steel  is  frequently 
welded  on  and  the  iron  and 
steel  then  drawn  out  thin. 
Plane  irons  for  wood-planing 
machinery  are  generally  made 
in  this  way,  with  steel  faces 
and  iron  backs.  The  iron  i  and 
steel  s  are  welded  together  so 
as  to  make  a  square  piece,  as 
FW.S5  Fto.36  shown  in  Fig.  26,  which  is  then 

drawn  down  to  the  required  thickness. 


MAKING    FLAT    DRILLS 

36.     Forging  a  Flat  Drill. — The  point  of  a  long-shank 
flat  drill,  such  as  is  shown  in  Fig.  27,  is  made  of  steel,  but 
the   shank    is    usually 
iron.      To   weld   both   I 
parts  together,  the  steel   I 
is    formed    as    shown 

at  <7,  Fig.  28,  and  the  ^"'■" 

iron  as  shown  at  b.  The  iron  is  heated  to  a  red  heat,  the 
cold  steel  driven  into  the  cleft,  and  the  iron  closed  about  the 
steel.      A  welding  heat  is  then  taken  on  the  joint,  using 


borax  as  a  flux;  the  iron,  being  outside,  protects  the  steel 
from  burning.  When  heated  to  a  bright  cherry-red,  the 
pieces  are  taken  from  the  fire  and  welded  together.  The 
shank  is   then  cut  to   the   proper   length,  the   end  forged 
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square  to  fit  into  the  brace  or  ratchet,  and  the  point  forced 
to  the  proper  form. 

When  forged,  the  drill  is  annealed,  hardened,  and  the 
temper  drawn  to  a  full  yellow;  and  when  ground,  it  is  ready 
for  use.  The  temper  of  the  drill  may  be  drawn  by  the  heat 
in  the  shank.  If  :the  shank  is  not  hot  enough,  a  large  nut 
or  heavy  piece  of  iron  having  a  hole  through  it  may  be  heated 
and  slipped  over  the  shank  close  to  the  point,  the  drill  being 
held  so  that  it  does  not  touch  the  hot  iron.  The  heat  that 
radiates  from  the  iron  will  soon  draw  the  temper.  A  pair 
of  hot  tongs  is  often  used  for  drawing  the  temper,  the  work 
being  held  near  the  point  and  the  temper  being  allowed  to 
run  out  as  desired.  

HIGH-SPEED  TOOI.  BTEEIiS 
37.  Nature  of  Uigti-Speed  Tool  Steels. — High-Speed 
tool  steels  are  alloys  of  iron  and  various  elements  that  are 
added  to  impart  to  them  the  property  of  hardening.  When 
they  are  heated  white  hot  and  allowed  to  cool  in  the  air,  they 
become  very  hard;  hence,  they  are  also  called  air-hardenlngr 
and  self-tiardentiiK  steels.  The  most  important  elements 
used  are  tungsten,  chromium,  molybdenum,  and  manganese; 
arsenic,  titanium,  etc.  are  also  used,  but  those  first  men- 
tioned are  the  most  important,  and  may  be  used  singly  or 
two  or  more  of  them  together.  Carbon  is  rarely  present  in 
very  large  quantity  in  the  alloy  steels,  and  when  it  is  present 
it  is  unimportant.  The  introduction  of  these  steels  has  been 
BO  recent  and  their  evolution  so  rapid  that  it  will  be 
impossible  to  give  more  than  a  few  general  directions 
regarding  their  manipulation.  It  is  best  to  follow  the 
instructions  given  by  the  maker  of  the  particular  brand  of 
steel  to  be  used. 

Alloy  steels  may  be  annealed  by  packing  them  in  a  piece 
of  pipe  or  an  iron  box  containing  powdered  charcoal,  in 
which  the  pieces  of  steel  are  embedded.  The  boxes  are 
well  sealed  with  fireclay  to  exclude  the  air,  heated  to  a 
bright  cherry  red  for  several  hours,  then  allowed  to  cool 
slowly.     The  steel  will  then  machine  as  easily  as  carbon 
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tool  steel.  No  alloy  steel  is  as  strong  as  carbon  steel,  and 
hence  to  stand  equal  stresses,  the  cutting  edge  of  tools 
made  of  high-speed  tool  steel  must  be  very  much  more 
carefully  supported  than  in  cutting  tools  of  carbon  steel. 
This  is  of  special  importance,  since  tools  of  high-speed  tool 
steel  are  used  largely  for  heavier  cuts  and  at  higher  speeds 
than  would  be  possible  with  carbon  steels.  This  necessitates 
a  redesigning  of  many  of  the  cutting  tools  formerly  used,  so 
as  to  adapt  them  to  meet  the  requirements  of  the  new 
material. 

The  most  valuable  property  of  alloy  steels  is  that  they 
retain  their  hardness  at  a  high  temperature;  in  fact,  some  of 
them  can  be  used  as  cutting  tools  when  at  a  dull  red  heat. 
It  is  this  property  that  has  enabled  them  to  be  used  at  high 
speeds,  and  has  given  them  the  name  of  high-speed  tool 
steels. 

38.  Fornlng  High-Speed  Tool  Steels. — Alloy,  or 
high-speed  tool,  steel  should  be  heated  slowly  to  a  lemon 
color,  and  in  a  thick  bed  of  burning  coke  or  coal,  to  prevent 
the  air  blast  from  striking  it.  Alloy  steel  cools  more  quickly 
than  carbon  steel,  and  when  slightly  cooled  becomes  hard. 
It  is  quite  plastic  at  the  proper  heat,  therefore  it  is  better  to 
heat  frequently,  working  quickly  a  little  at  a  time,  as  this 
avoids  seams  and  ruptures.  After  forging,  the  tool  should 
be  allowed  to  become  cold,  and  then  reheated  for  hardening 
or  tempering, 

39.  Teinperlnii:  Hlfch-Speed  Tool  Steels. — The  tem- 
pering of  high-speed  tool  steel  consists  in  making  it  of  a 
suitable  hardness.  For  lathe,  planer,  and  similar  tools,  it 
must  be  heated  to  a  fusing,  or  white,  heat  and  cooled  in  air  or 
oil.  At  a  white  heat,  thesteel  is  very  soft  and  would  crumble 
if  struck.  It  is  very  necessary  to  have  a  non-osidizing  fire, 
which  may  be  obtained  in  a  covered  fire  with  a  large  amount 
of  crushed  coke  over  the  tuyfere,  usin^  a  light  blast.  The 
steel  must  not  be  heated  too  quickly,  When  the  white  heat 
is  attained,  a  slight  fluxing  will  be  observed,  and  as  the  heat 

i  numerous   small   bubbles  will   be   seen;   then   the 
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hubbies  become  larger  and  fewer  in  autnber.  If  carried  to 
an  extreme  heat,  the  steel  will  soften,  a  condition  sometimes 
called  sweating:.  On  reaching  the  sweating  point,  the  tools 
are  cooled,  usually  in  a 
jet  of  compressed  air; 
one  method  is  shown  in 
Fig.  29.  The  tools  are 
placed  on  an  iron  plate  a 
with  a  firebrick  on  either 
side  and  a  jet  of  com- 
pressed air  from  a 
J-inch  pipe  c  is  directed 
against  the  point  of  the 
tool.  In  order  to  insure 
dry  air,  it  is  led  through 
an  iron  cylinder  *  about 
6  inches  in  diameter 
and  3  feet  long,  shown 
in  the  illustration,  the 
moisture  being  deposit- 
ed in  the  cylinder.  The  -^ 
pipe  (^  is  1  inch  in 
diameter.      It  is  some-  '"' 

times  claimed  that  with  this  method  the  tool  is  cooled  too 
far  back  from  the  point,  and  that  it  is  therefore  better  to 
blow  the  air  upwards  against  the  point  a  of  the  tool,  as 
, shown  in  Fig,  30. 

~] ^"  The  cooling  of  these  tools  in  a  shop 

I        n         not  proTided  with  compressed  air  has 

[  \\        been    accomplished    successfully    over 

I  Ijl       the   tuyfere   of   an   empty  forge.     The 

— 1 1 W*^  ''-"'^  '^  placed  on  a  firebrick,  with  the 

I  •■   ^- — -    ^     poiut    down     and     extending     beyond 

the  end  of  the  brick.      The  brick  and 

the  tool   are   placed  on   the   forge  so 

that  the  point  of  the  tool  is  over  the  tuyfere  and  the  blast 

is  turned  on.     The  cutting  edge  of  the  tools  is  sometimes 

cooled  in  oil  and  the  temper  drawn  to  the  desired,  hardness; 
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by  using  hot  oil  the  cooling  is  less  sudden, 
however,  is  better  adapted  to  drills,  reamer! 
dies,  than  to  lathe  and  planer  tools. 

40.  Grinding  HlKh-Speed  Bteels. — When  grinding 
any  of  the  alloy  tool  steels,  emery  wheels  are  more  likely  to 
glaze  than  with  carbon  steels.  This  is  supposed  to  be  due 
to  the  fact  that  the  tungsten  coats  the  grains  of  emery, 
resulting  in  a  glazed  surface  of  the  wheel,  which  heats  or 
bums  the  steel  in  spots  and 
causes  it  to  crack  or  break. 
The  workman  should  observe 
this  very  carefully,  and  should 
dress  the  wheel  at  the  least 
indication  of  glazing.  For 
grinding  alloy  steel,  it  is  best 
to  use  a  coarse,  soft  wheel. 

41.     Heating  Furnace  for 
High-Speed  Tool  Steel.— The 

ordinary  blacksmith's  fire  is 
hardly  capable  of  producing  the 
desired  temperature  for  heating 
high-speed  tool  steels,  and  it  is 
rare  that  more  than  one  or  two 
tools  can  be  heated  successfully 
in  such  a  fire  without  rebuilding 
it.  When  tools  are  forged 
Pi"-»i  below  the  proper  temperature, 

they  are  likely  to  crack  and  give  trouble.  Some  difficulty 
has  been  experienced  with  high-speed  tool  steels,  and  they 
have  been  abandoned  in  some  shops  because  uniform 
results  were  not  obtained.  Usually  such  difficulties  may  be 
traced  to  irregular  and  improper  treatment. 

A  coke-burning  furnace  for  heating  such  steel  is  shown  in 
Fig.  SI.  The  coke  is  placed  in  a  magazine  a  and  fed  by 
gravity  into  the  fire-space.  The  ashes  accumulate  in  the 
ash-pit  A,  which  is  closed,  and  through  which  a  forced  draft 
is  introduced.     A  rocking  grate  controlled  by  the  handle  c  is 
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located  above  the  ash-pit.  The  point  of  most  intense  heat 
is  in  the  bottom  of  the  coke,  just  back  of  the  front  edge  of 
the  fire  and  over  the  center  of  the  ash-pit.  Two  openings 
are  provided  in  the  furnace;  the  one  at  d  leads  directly  into 
the  fire,  and  the  tools  are  put  in  throuffh  this  opening,  where 
they  are  heated  to  a  bright-red  heat.  The  opening  e  is  then 
cleared  out  by  means  of  an  iron  bar,  and  a  pocket,  or  hollow, 
fire  formed  in  the  hottest  parts  of  the  coke  fire.  One  tool  at 
a  time  is  then  taken  from  the  opening  d  and  put  into  the 
hottest  part  of  the  fire  through  the  opening  e,  and  allowed 
to  remain  until  the  scale  on  the  surface  is  seen  to  be  molten.  ' 
The  tool  is  then  quickly  withdrawn  and  placed  in  a  blast 
of  air.  

RECOGNIZING    BTBEL 

42.  The  smith  is  often  called  on  to  pick  out  a  piece  of 
a  certain  kind  of  steel  from  a  pile  containing  iron,  low- 
carbon  steel,  high-carbon  steel,  and  special  steels.  Formerly, 
the  only  test  was  to  pick  up  a  piece  and  strike  it  with  a 
hammer;  if  it  sounded  dead  it  was  wrought  iron,  if  it  rang 
it  was  steel.  This  did  very  well  when  only  one  grade  of 
steel  was  used  in  a  given  establishment,  but  now,  when  many 
grades  are  used,  it  is  much  more  difficult.  Some  of  the  low- 
carbon  steels  will  sound  dead  under  the  hammer,  but  they 
can  usually  be  separated  from  a  lot  of  wrought-iron  bars,  as  the 
surface  of  the  latter  is  generally  very  much  rougher  than  that 
of  steel  bars.  ■  Then,  too,  breaking  a  small  piece  from  the 
end  of  a  bar  will  show  the  difference  between  steel  and  iron, 
Steel  having  a  crystalline  appearance,  while  the  fracture  of  the 
iron  presents  a  fibrous  appearance.  The  emery-wheel  test, 
however,  is  said  to  be  the  best  for  distinguishing  different 
frradesof  steel.  Hardened  carbon  steels  give  off  bright  daz- 
zling sparks  when  ground  on  an  emery  wheel;  the  harder  the 
steel,  the  brighter  the  sparks.  Alloy  steels  and  wrought 
iron  give  off  dull  red  sparks. 
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BREAKING    STEEL 

43.  Steel  is  generally  broken  bjr  aickiag  it,  placing  the 
nicked  edge  over  the  edge  of  the  anvil  and  striking  the  pro- 
jecting end.  Sometimes  the  end  of  a  light  bar  is  passed 
through  the  hardie  hole  or  the  pritcbel  hole  until  the  nick  is 
in  line  with  the  top  of  the  anvil;  the  bar  is  then  broken  by  jerk- 
ing it  quickly  to  one  side.  Another  method  for  breaking  off 
pieces  of  tool  steel,  such  as  those  used  for  cold  chisels,  lathe 
tools,  etc.,  is  to  nick  the  bar  cold  at  the  required  distance 
from  the  end  and  pass  the  bar  through  a  hole  in  a  swage 
block  until  the  nick  comes  opposite  the  edge  of  the  block; 
the  projecting  end  should  then  be  struck  a  sharp  blow 
with  the  hammer.  This  will  break  off  the  piece  without 
stinging  the  hand  supporting  the  end  of  the  bar,  and  prevent 
the  piece  from  flying  across  the  shop, 

UACHIXE-SnoP  CUTTING  TOOLS 


I^THB    AND    PLANER    TOOL    MOOELS 

44.  If  the  best  results  are  to  be  obtained  from  the  tools 
used  in  the  machine  shop,  only  the  best  forms  should  be 
employed  lor  each  particular  operation;  hence,  the  shop 
superintendent  should  determine  the  best  forms  for  the  work 
to  be  done,  adopt  a  set  of  standards,  and  three  sets  of  iron 
models  of  these  tools  should  be  forged.  One  of  these  sets  of 
models  should  be  ground  to  the  proper  form,  mounted  on  a 
board,  and  retained  in  the  fool  room  for  reference;  the  other 
two  sets  of  forgings  should  be  mounted  on  boards,  one  board 
being  kept  in  the  tool  room  and  the  other  mounted  near  the 
tool-dresser's  fire.  No  tool  that  varies  from  these  forms 
should  be  made  or  used  except  on  special  written  order  from 
the  superintendent  or  foreman.  A  set  of  models  adopted  as 
standards  at  a  large  manufacturing  company's  plant  is  shown 
in  Fig.  32,  which  gives  the  name  of  the  tools,  together  with 
the  sizes  of  the  steel  from  which  the  different  tools  are  made. 
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CARBON  STEELS 


EFFECT  OF  CARBON  ON  6TBBI, 
1.  What  is  commoDl;  known  as  carbon  steel  is  com- 
posed of  iron  eontaining  varying  amounts  of  carbon  up  to 
about  1.2  per  cent.;  though  for  some  purposes  a  slightly 
higher  percentage  of  carbon  is  used.  The  steels  containing 
between  .7  and  1.2  per  cent,  carbon  are  frequently  called 
tool  steels,  to  distinguish  them  from  low-carbon  steels,  which 
contain  less  carbon.  Tool  steel  is  generally  distinguished 
from  low-carbon  steel  by  the  fact  that  when  heated  to  a  red 
heat  and  plunged  into  water  it  will  harden.  There  are,  how- 
ever, some  brands  of  steel,  containing  a  little  less  than  .7  per 
cent,  carbon,  that  are  hardened  slightly  by  this  treatment, 
and  hence  there  is  no  well-marked  division  between  the  low- 
carbon,  or  machinery,  steel,  and  the  high-carbon,  or  tool,  steel. 
It  is  the  carbon  that  imparts  the  hardening  property  to 
the  steel.  Carbon,  when  heated,  combines  readily  with  the 
oxygen  of  the  air;  hence,  if  steel  is  heated  in  the  presence  of 
air  it  will  loose  some  of  the  carbon  and  the  outer  surface  of 
the  steel  will  not  harden  properly.  This  is  of  little  conse- 
quence in  tools  subjected  to  considerable  grinding,  as,  for 
instance,  forged  lathe  and  planer  tools,  but  it  is  very  impor- 
tant in  the  case  of  such  tools  as  taps  and  reamers,  which  are 
machined  to  shape  and  size  before  hardening.  Precautions 
must  therefore  be  taken,  in  hardening  the  last-mentioned 
tools,  to  insure  the  maintenance  of  a  proper  percentage  of 
carbon  in  the  surface  of  the  steel. 

CiitjTighttd  bt  International  Tiilbaik  Company.    Enterrd  at  Stalmnrri'  flatl.  London 
63B— 27 


^aovGoQt^lc 


2  HARDENING  AND  TEMPERING        '      §59 

When  steel  is  heated,  it  becomes  red  at  a  temperature 
of  900°  to  1,000"  F.,  and  at  1,260°  to  1,300°  F.,  passes  a  point 
at  which  it  absorbs  considerable  heat  without  any  increase  in 
temperature,  showing'  that  some  change  is  going  on  in  the 
structure  of  the  metal.  If  the  steel  be  heated  above  this 
point,  and  then  cooled  slowly,  a  brightening  of  the  color  may 
be  noticed  as  it  passes  this  point,  which  is  called  the  point  of 
recalcBcence.  This  brightening  is  due  to  the  liberation  of 
the  heat  that  previously  was  absorbed  at  this  point. 


METHODS  OF  HEATING 

2.  ToTge  Fires. — Practically  all  steel  work,  including 
tool  dressing  and  hardening  and  tempering,  was  formerly 
done  in  an  ordinary  forge  fire.  Certain  precautions,  how- 
ever, must  be  observed  in  using  such  a  fire  in  order  to  insure 
good  work.  The  fire  must  be  very  deep;  that  is,  there  must 
be  a  large  body  of  incandescent  coke  between  the  tuyere  and 
the  tool,  so  as  to  prevent  the  blast  from  reducing  the  carbon 
in  the  surface  of  the  steel.  Frequently,  what  is  known  as  a 
closed  or  oven  fire  is  used  for  some  classes  of  work,  but 
ordinarily  a  high  open  fire  will  be  found  satisfactory.  Sul- 
phur will  injure  the  quality  of  any  tool  steel;  hence,  for  heat- 
ing this  class  of  steel,  a  fuel  low  in  sulphur  should  be  used. 
For  this  reason,  charcoal  is  the  best  fuel,  but  its  cost  and  the 
difficulty  in  maintaining  the  desired  heat  continuously  prevent 
its  use  in  most  blacksmith  shops.  If  the  coal  does  contain 
some  sulphur,  its  injurious  effect  can  be  reduced  by  using 
nothing  but  coke  for  that  part  of  the  fire  which  is  under  and 
around  the  tool  being  heated.  The  burning  of  the  coal  to 
coke  drives  off  much  of  the  sulphur. 

3.  Tube  or  Huftle  In  Forffe. — In  order  to  prevent  a 
loss  of  carbon,  the  steel  is  sometimes  heated  in  a  tube  or 
piece  of  pipe  laid  in  the  forge  and  brought  to  the  desired 
heat.  Sometimes  a  cast-iron  box,  culled  a  inuftlei  is  used 
for  this  purpose.  If  the  muffle  is  closed  at  one  end,  so  that 
there  cannot  be  a  draft  of  air  through  it,  the  heating  will  be 
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effected  in  the  presence  of  such  a  small  amount  of  air  that 
the  surface  of  the  steel  will  not  lose  its  carbon;  then,  too, 
the  mufRe  will  protect  the  steel  from  any  sulphur  in  the  fire. 
When  the  tube  is  used,  the  blacksmith  frequently  grasps  the 
end  of  it  in  his  tongs  and  gives  it  a  partial  rotation;  by  doing 
this  every  minute  or  two.  the  steel  will  be  heated  more  uni- 
formly than  if  left  at  rest.  This  is  tn\e  when  heating  round 
steel;  in  the  case  of  rectangular  work,  it  is  generally  neces- 
sary to  leave  the  tube  in  one  position. 

There  is  a  patented  process  for  heating  steel  in  a  closed 
tube  in  a  gas  rich  in  carbon,  so  that  the  surface  of  the  steel 
will  not  lose  its  carbon,  as  would  be  the  case  if  heated  in 
air.  Natural  or  artificial  gas  is  supplied  to  the  tuoe  through 
a  connection  to  the  cap  screwed  on  one  end  of  the  tube,  the 
cap  at  the  opposite  end  being  provided  with  a  hole  about 
-iV  inch  in  diameter,  through  which  the  gas  is  allowed  to 
escape  and  bum  while  the  steel  in  the  tube  is  being  heated 
>in  the'furnace.  Practically  the  same  results  can  be  obtained 
by  heating  the  steel  in  the  presence  of  gas  generated  by 
heating  a  little  finely  divided  coal  or  resin  put  into  the  tube 
with  the  steel,  the  gas  filling  the  tube  and  driving  out  the 
air,  thus  protecting  the  steel  while  it  is  being  heated. 

4.  Gas  Furnace. — With  solid  fuel,  it  is  difficult  to  feed 
it  to  the  proper  point  whenever  needed,  and  to  remove 
the  ashes  as  they  accumulate  without  producing  an  uneven 
heat.  Oil  or  gas  is  better  than  a  solid  fuel  for  heating  steel 
because  a  uniform  heat  can  be  maintained,  oxidation  of  the 
.  steel  prevented,  and  the  furnaces  used  intermittently  with 
convenience.  In  order  to  prevent  oxidation  of  the  steel,  all 
that  is  necessary  is  to  adjust  the  supply  of  gas  in  such  a  way 
that  there  will  be  a  very  slight  excess  of  gas  present  to  bum 
beyond  the  combustion  chamber  proper.  The  presence  of 
this  gas  excludes  all  air  from  the  steel  and  consequently  all 
oxidizing  action.  By  properly  locating  the  combustion  with 
relation  to  the  heating  space,  it  has  been  found  possible 
to  construct  furnaces  capable  of  maintaining  very  high 
temperatures. 
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6.  Ileattng  in  Lead. — In  order  to  prevent  oxidation  it 
is  frequently  advisable  to  heat  the  steel  in  some  bath  that  will 
entirely  exclude  the  air.  Molten  lead  makes  one  of  the  most 
satisfactory  baths  for  this  purpose.  The  lead  can  be  melted 
in  a  cast-iron  pot  or  plumbago  crucible  heated  in  the  for^e, 
or  the  pot  may  be  heated  in  a  specially  constructed  furnace. 
The  steel  must  be  leit  in  the  bath  until  it  is  heated  through- 
out to  the  desired  temperature.  As  steel  will  float  in  molten 
lead,  it  is  necessary  to  provide  some  means  for  keeping  it 
submerged  in  the  lead  bath. 

6.  Heating  In  Charcoal. — For  heating  steel  for  harden- 
ing, some  -lanufacturers  use  muffle  furnaces  in  which  the 
mufHes  are  filled  with  charcoai;  the  steel  is  placed  in  the 
heated  charcoal.  The  advantage  claimed  for  this  process  is 
that  as  the  steel  is  constantly  surrounded  by  very  pure  car- 
bon fuel  at  a  very  high  temperature,  it  will  have  a  tendency 
to  absorb  carbon  rather  than  to  give  it  up,  and  hence  there 
is  absolutely  no  danger  of  burning  the  carbon  out  of  the 
steel.  This  method  is  used  especially  when  heating  very 
high -carbon  steels. 

ANNEALING 

7.  Annealfnf^  by  Packing. — The  annealing  of  steel  has 
two  objects;  first,  to  soften  the  metal,  and  second,  to  take 
out  the  internal  stresses.  The  simplest  method  of  annealing 
is  to  heat  the  steel  to  a  cherry  red,  and  then  bury  it  in  some 
substance  that  does  not  conduct  heat  readily.  An  iron  box 
nearly  filled  with  slacked  lime,  ashes,  or  other  material  of  a 
similar  nature,  can  be  "kept  near  the  forge  for  this  purpose. 
Care  should  be  taken,  however,  to  keep  the  material  per- 
fectly dry  and  warm.  The  steel  should  remain  buried  until 
it  is  cold.  In  the  case  of  tool  steel,  the  heat  for  annealing 
should  always  be  lower  than  that  required  for  hardening. 
Overheating  a  piece  of  steel  opens  the  grain  and  reduces 
the  strength. 

When  a  large  number  of  pieces  of  steel  are  to  be  annealed, 
as,  for  instance,  blanks  for  taps,  reamers,  or  other  tools, 
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they  may  be  packed  closely  in  cast-iron  boxes  or  in  pieces  of 
pipe,  using  cast-iron  chips,  fine  charcoal,  or  a  mixture  of 
the  two,  for  the  packing  material.  Sometimes  the  spent,  or 
nearly  spent,  bone  from  the  case-hardening  furnaces  is  used 
for  packing  material.  These  boxes  are  then  placed  in  an 
annealing  furnace  and  brought  to  the  proper  temperature, 
which  is  a  medium-red  heat.  The  draft  is  shut  off  and  the 
furnace  is  allowed  to  cool  slowly.  The  cast-iron  chips  con- 
duct the  heat  better  than  an  air  space  would,  and  support  the 
pieces,  thus  preventing  their  warping.  When  it  is  necessary 
to  take  the  work  out  of  the  furnace  and  allow  it  to  cool  out- 
side, it  is  better  to  use  speiit  bone  as  a  packing  material, 
because  the  work  will  cool  much  more  slowly,  owing  to  the 
inability  of  the  bone  to  conduct  the  heat  away  rapidly. 
Sometimes  when  work  is  heated  for  straightening  or  forging, 
the  pieces  are  taken  from  the  forge  and  cooled  in  double 
sheet-iron  boxes  that  have  i  inch  of  asbestos  between  them. 
The  cover  also  is  double,  and  is  provided  with  a  suitable 
hinge  and  counterbalance  weight.  As  the  work  comes 
from  the  forging  machine  it  is  placed  in  the  box,  which  when 
full  is  closed  and  left  to  cool,  usually  over  night.  While  the 
stock  cannot  be  as  thoroughly  annealed  in  this  box  as  when 
heated  to  the  proper  temperature  and  allowed  to  cool  in 
suitable  packing  material,  the  internal  stresses  will  never- 
theless be  very  greatly  reduced. 

8.  Water  AiiiieallnK> — Small  pieces  of  Steel  are  some- 
times annealed  by  being  heated  to  a  cherry  red  and  cooled 
slowly  in  the  air  until,  when  held  in  a  dark  place,  only  a  very 
dull  red  is  visible.  The  piece  is  then  cooled  in  water. 
Although  this  will  usually  soften  the  steel,  it  is  not  as  relia- 
ble a  method  as  the  slow-cooling  process,  and  should  be  used 
only  when  there  is  not  time  to  anneal  by  slow  cooling. 
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HARDEinNG  BOLUTION8 

9.  Water  (or  Hardenlng.-r-In  many  cases,  clear,  cold 
water  is  used  as  a  hardenine  bath.  The  best  results  are 
said  to  be  obtained  from  the  use  of  soft  water;  rain  water  is 
used  very  largely.  It  is  a  mistake  to  suppose  that  the  hard- 
ening bath  should  be  as  cold  as  possible;  a  very  cold  bath 
extracts  the  heat  from  the  steel  too  quickly,  and  frequently 
causes  cracks  or  breaks  in  the  work.  The  temperature  of 
the  water  for  the  general  nm  of  work  should  never  be  below 
70°  F.,  and  for  some  purposes  80"  to  90°  would  be  better. 
In  order  to  eliminate  the  stresses  in  hardened  and  tempered 
tools,  they  are  frequently  placed  in  a  bath  of  boiling  water 
after  tempering.  This  relieves  the  internal  stresses  without 
seriously  reducing  the  hardness  of  the  tool;  in  fact,  with 
most  brands  of  steel,  the  reduction  in  hardness  will  not 
be  noticeable. 

10.  Salt  Solatlous. — Various  salts  are  added  to  water 
hardening  baths  for  two  purposes:  first,  to  increase  the  rate 
at  which  the  bath  will  extract  the  beat  from  the  steel,  and 
second,  to  prevent,  as  far  as  possible,  the  formation  of 
steam  on  the  surface  of  the  work. 

One  of  the  simplest  and,  at  the  same  time,  one  of  the  best 
hardening  solutions  is  made  by  putting  into  rain  water  as 
much  common  salt  as  the  water  will  dissolve.  This  solution 
is  quite  extensively  employed  by  tool  smiths. 

A  solution  that  is  used  by  many  and  is  claimed  to  give 
excellent  results,  though  it  is  very  poisonous  and  hence  must 
be  handled  with  great  care,  is  made  by  dissolving  }  ounce  of. 
rock  salt,  i  ounce  of  saltpeter,  i  ounce  of  sal  ammoniac, 
and  i  ounce  of  corrosive  sublimate  in  each  gallon  of  water. 

For  some  classes  of  work,  a  solution  made  of  1  ounce  of 
chloride  of  zinc  to  each  pint  of  water  is  used.  This  bath  is 
recommended  for  making  steel  especially  hard. 

11.  Oil  as  a  Hardening  Bath. — Various  oils  are  fre- 
quently used  in  place  of  water  as  hardening  baths.  Mineral 
oils  should  never  he  used  for  this  purpose,  since  they  vary 
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so  mach  in  composition  that  it  is  practically  impossible  to 
obtain  uniform  results  with  them.  Linseed  oil  is  probably 
the  most  commonly  used  for  a  hardening  bath.  Other  oils 
frequently  used  are  lard  oil,  cottonseed  oil,  whale  oil,  and 
melted  tallow.  Sometimes  two  or  more  of  the  vegetabje 
and  animal  oils  are  mixed  in  one  bath,  and  melted  resin 
may  be  added  to  the  heavier  oils.  As  a  rule,  hardeniDg  in 
oil  leaves  the  work  softer  and  freer  from  internal  stresses. 
Oil  hardening  baths  are  sometimes  heated  to  a  high  tempera- 
ture so  as  to  avoid  too  sudden  chilling  of  the  steel  with  the 
attendant  danger  of  cracking  or  breaking  the  metal,  or  at 
least  of  introducing  internal  stresses  that  may  result  in  cracks 
later.  For  some  classes  of  work  the  bath  is  heated  as  high 
as  500°  or  600°  F.,  and  the  steel,  when  cooled  in  it,  will 
possess  the  desired  degree  of  hardness  without  any  subse- 
quent drawing  of  the  temper. 

12.  Metallic  Hardening  Baths. — Mercury  is  some- 
times used  as  a  hardening  bath,  especially  when  handling 
very  high-carbon  steels  and  making  special  and  delicate  tools. 
On  account  of  the  fact  that  mercury  has  a  greater  heat  con- 
ductivity than  any  of  the  hardening  solutions  previously 
mentioned,  it  will  cool  the  work  very  much  more  rapidly. 
The  fumes  given  off  from  the  mercury  bath  are  very  poison- 
ous, and  for  this  reason  there  should  always  be  provided  a 
hood  connected  with  a  suitable  chimney  having  a  good  draft, 
or  to  an  exhaust  fan,  so  as  to  remove  these  fumes  as  quickly 
as  they  are  formed. 

For  hardening  some  classes  of  tools,  molten  tin  is  used 
for  the  bath.  It  melts  at  a  sufficiently  low  temperature  to 
permit  it  to  be  used  for  this  purpose,  and  its  relatively  great 
heat  conductivity  causes  it  to  cool  the  steel  very  rapidly. 
Another  advantage  of  using  tin  is  that  it  is  not  volatile  at  the 
temperature  at  which  any  of  the  other  baths  are,  and  hence 
the  steel  is  not  surrounded  with  a  film  of  vapor,  as  in  the  case 
of  all  other  hardening  solutions.  One  advantage  of  this  high- 
temperature  bath  is  that  the  steel  is  not  subject  to  such  sud- 
den stresses,  and  hence  is  not  as  likely  to  break  in  hardening. 
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JIBTHOD8  OF  TEMPERING 

13.  Tenipertnf);  by  Color. — When  Steel  is  heated  to  the 
proper  temperature,  usually  a  cherry  red,  that  is,  a  tempera- 
ture of  about  1,200°  to  1,300°  F.,  and  plunged  into  a  harden- 
ing bath  at  or  below  100°  F.,  the  piece  will  be  so  hard  that  a 
file  will  not  cut  it.  It  will  also  be  brittle.  As  practically  all 
cutting  tools  must  possess  some  toughness,  it  is  necessary 
to  reduce  the  hardness  to  the  lowest  point  consistent  with 
the  work  expected  of  the  tool,  in  order  to  increase  the 
strength  or  toughness  of  the  metal.  The  process  of  redu- 
cing the  hardness  is  commonly  called  dravrlng  the  temper. 
This  is  done  by  heating  the  steel  to  a  suitable  temperature 
after  it  has  been  hardened.  If  the  hardened  steel  is  simply 
immersed  in  a  bath  of  boiling  water,  the  internal  stresses 
will  be  relieved  considerably,  and  the  temper  drawn  very 
slightly. 

When  the  temper  is  being  drawn  by  color,  advantage  is 
taken  of  the  fact  that  as  a  piece  of  steel  is  heated,  certain 
colors  that  appear  successively  on  its  surface  serve  to  indi- 
cate the  temperature  to  which  it  has  been  heated.  These 
colors,  which  are  commonly  called  temper  colors,  have 
nothing  to  do  with  the  hardness  of  the  metal,  but  indicate 
the  temperature  to  which  it  was  last  heated.  The  tempera- 
ture to  which  it  was  heated  determines  the  hardness. 

14.  Tempering  In  Oil. — For  many  classes  of  work, 
the  temper  colors  are  not  needed  on  the  finished  product,  and 
hence  the  tempering  can  be  done  more  rapidly  and  uniformly 
by  heating  the  work  in  a  bath  to  the  temperature  that  will 
give  the  required  temper.  Olt-temp^rlnK  is  usually  per- 
formed by  placing  the  pieces  in  a  bath  of  oil  and  heating  the 
whole  to  the  proper  temperature.  When  sufficiently  heated, 
the  pieces  are  removed  from  the  oil  bath  and  allowed  to 
cool.  For  ordinary  work,  the  temperature  of  the  bath  is 
read  by  means  of  a  thermometer,  and  the  work  is  introduced 
when  the  oil  is  at  the  proper  temperature.  The  cold  work 
reduces  the  temperature  of  the  oil  somewhat,  and  hence  the 
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work  must  be  left  in  the  bath  until  the  latter  is  brought  back 
to  the  desired  temperature.  With  heavy  pieces,  it  is  some- 
times necessary  to  maintain  the  bath  at  the  desired  tempera- 
ture for  a  considerable  length  of  time.  When  the  pieces  are 
required  to  be  clean  and  free  from  oil,  they  are  removed 
from  the  bath  of  oil  and  placed  in  a  kettle  containing  a  hot 
solution  of  soda  to  remove  the  oil.  They  are  then  dried  and 
cleaned  in  sawdust.  Sometimes  the  work  is  taken  directly 
from  the  oil  bath  and  placed  in  the  sawdust. 

In  order  to  avoid  cracking  or  breaking,  complicated  pieces 
of  work  having  sharp  angles  are  sometimes  placed  in  cold 
oil  and  then  heated  to  the  proper  temperature. 


BXAMPIiES  OF   HARDENING  AND  TBUPERINO 


TAPS    AND    REAMERS 

15.  Heating;  of  Taps  and  Reamers. — Formerly, 'when 
only  a  few  taps  were  used  in  a  shop  and  these  were  made  in 
the  tool  room  and  hardened  by  the  tool  dresser,  it  was  a 
very  common  practice  to  heat  them  in  an  open  fire.  Fre- 
quently, the  teeth  of  the  taps  were  filled  with  yellow  soap,  or 
some  similar  material,  to  protect  them  during  heating  and 
prevent  them  from  being  burned  off.  With  the  develop- 
ment of  modem  manufactures,  the  making  of  taps  and 
reamers  has  become  a  specialty,  and  tools  of  this  class  that 
are  made  in  the  tool  room  are  frequently  hardened  by  the 
toolmaker  himself,  who  uses  a  suitable  gas  heating  furnace. 
For  heating  this  class  of  tools,  there  are  several  methods  in 
use.  Sometimes  they  are  heated  in  a  tube  or  muffled  in  an 
"  ordinary  forge  fire  or  in  a  specially  constructed  coke  furnace. 
In  many  cases  it  is  best  to  allow  the  temperature  of  the 
furnace  to  fall  somewhat  below  the  heat  required  before 
introducing  the  tool,  and  then,  as  the  steel  absorbs  the 
heat  from  the  furnace,  to  increase  the  heat  until  the  required 
temperature  is  reached.  In  all  of  these  methods  it  is  neces- 
sary to  heat  the  steel  as  rapidly  as  is  consistent  with  safety, 
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so  as  to  avoid  any  chance  of  reducing  the  carbon  in  the 
surface.  Taps  and  reamers  are  also  frequently  heated  in 
a  lead  pot  heated  hy  gas  or  solid  fuel;  the  principal  objec- 
tion to  this  method  is  that  particles  of  lead  sometimes 
adhere  to  the  taps,  especially  in  the  case  of  square  thread 
taps,  and  the  presence  of  any  such  small  particles  of  lead 
will  cause  soft  places  in  the  tool. 

16.     A  properly  constructed  gas  furnace,  like  that  shown 
in   Fig.  1,  is  probably  one  of  the  best  devices  known  for 


heating  taps,  reamers,  and  other  small  tools.  The  furnace 
consists  of  a  cylindrical  metal  casing  lined  with  fireclay  or 
firebrick  and  provided  with  three  or  four  burners  that  project 
the  mixture  of  oil  and  gas  into  the  furnace,  so  as  to  cause 
the  flame  to  circulate  about  the  work.  The  air  valve  is  shown 
at  a  and  the  gas  valve  at  b,  the  air  being  under  a  suitable 
pressure,  usually  about  1  pound  per  square  inch.  The  burners 
are  shown  at  c  and  d.     In  the  center  of  the  top  /  of  the 


^aovGoOt^lc 


.  §59  HARDENING  AND  TEMPERING  11 

furaace  there  is  a  larf^e  hole  covered  with  a  circular  plumbago 
cover  e,  whith  is  pierced  with  holes  to  put  in  the  work, 
the  latter  being  held  by  suitable  tongs  g  or  by  special 
dogs  h.  This  furnace  is  adapted  only  to  comparatively 
long  work,  but  has  the  advantage  of  keeping  the  work 
straight  and  insuring  a  uniform  heat.  When  the  taps  or 
reamers  are  to  be  hardened  throughout,  including  the  shank, 
and  also  other  small  work,  it  is  necessary  to  use  a  lead  bath 
or  a  mufile  or  oven  furnace. 

17.  Pack  Hardeninif. — The  pack-hardening  process  is 
used  to  prevent  the  fire  from  reducing  the  carbon  in  the  sur- 
face of  high-carbon  steel.  In  this  process,  iron  boxes  are 
used  and  the  work  is  packed  in  charred  leather,  granulated 
charcoal,  or  sometimes  a  mi3cttu"e  of  one  or  both  of  these 
with  charred  hoofs  and  homs.  Care  must  be  taken  to  see 
that  no  piece  of  steel  is  near  the  walls  of  the  box;  ordinarily, 
they  should  be  kept  at  least  an  inch  away.  The  box  is 
closed  with  a  cover  that  is  sealed  with  fireclay.  After  the 
clay  used  in  sealing  the  cover  has  dried,  the  box  is  placed 
in  a  suitable  furnace,  brought  to  the  desired  temperature,  and 
held  there  a  sufficient  length  of  time  to  bring  the  entire 
contents  of  the  box  to  the  required  degree  of  heat.  When 
beginning  operations  of  this  kind,  it  is  frequently  necessary 
to  ascertain  when  the  t>ox  is  heated  throughout.  In  order 
to  do  this,  a  device  called  a  telltale  is  used.  A  number  of 
A-inch  wires  are  run  from  the  top  to  the  bottom  of  the  box 
through  i-inch  holes  in  the  cover.  If,  after  the  box  has  been 
in  the  furnace  some  time,  one  of  these  wires  is  of  an  even 
red  throughout  when  withdrawn,  the  box  is  left  in  the  fire 
an  hour  or  more  longer;  the  time  necessary  for  the  best 
results  can  be  determined  by  experiment.  Great  care  must 
be  taken  during  this  heat  to  be  sure  that  the  temperature  of 
the  furnace  is  not  allowed  to  rise  above  the  required  degree. 
If  the  first  telltale  piece  withdrawn  does  not  show  the  desired 
temperature,  others  must  be  withdrawn  at  intervals  of  10  or 
15  minutes,  until  the  desired  temperature  is  shown;  the 
timiog  should  begin  from  this  point.     When  the  heating  is 
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complete,  the  box  is  removed,  the  cover  taken  off,  and  the 
pieces  removed  and  quenched,  one  at  a  time. 

18.  Cooling  Baths  for  Taps  and  Reamers. — In  some 
works,  a  salt-and-water  solution  is  used  for  hardening  taps 
and  reamers,  while  in  others,  soft  water  alone  is  used.  In 
the  case  of  taps,  especially  those  that  have  been  pack-hard- 
ened, it  is  well  to  use  a  bath  of  raw  linseed  oil.  In  any  case, 
the  pieces  should  be  moved  up  and  down  in  the  bath  to  insure 
contact  at  every  point  aod  to  prevent  soft  spots  owing  to 


the  accumulation  of  steam.  In  some  shops,  special  harden- 
ing tanks,  in  which  the  water  or  oil  is  circulated  by  suitable 
circulating  pumps,  are  used. 

19.  Special  Ilat-doninfc  Tank. — A  tank  specially 
designed  for  hardening  tools  is  shown  in  Fig.  2.  It  consists 
of  a  cylindrical  tank  a  containing  a  hardening  solution,  which 
is  pumped  out  of  the  bottom  of  the  tank,  through  the  piped, 
by  the  centrifugal  pump  c,  and  back  into  the  tank  through  the 
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pipe  d.  Once  the  solution  enters  the  tank,  the  direction  of 
the  flow  is  governed  by  the  character  of  the  work  to  be  hard- 
ened; in  the  case  of  cylindrical  work,  proper  fixtures  may  be 
used  to  direct  the  water  against  the  surface  of  the  work  in 
jets.  The  work  is  put  in  through  the  hole  /  in  the  center 
of  the  tank.  Provision  is  made  for  supplying  any  additional 
water  that  may  be 
required  from  the 
regular  waterworks 
system  through  the 
pipe  e.  An  overflow 
is  provided  at  /,  and 
a  dr^in  pipe  at  k. 
For  hardening  the 
surfaces  of  flat  dies, 
the  special  attach- 
ment shown  at  g  is 
used,  being  placed 
,3ome  distance  below 
the  surface  of  the 
water  and  arranged 
to  direct  a  series  of 
flat  jets  against  the 
bottom  of  the  die. 
The  special  fixtures 
shown  at  k  and  i  are 
used  when  hardening 
the  inside  of  cylindri- 
cal pieces,  rings,  or 
cutting  dies. 

This  tank  can  be 
used  with  clear,  cold 
water,    with    a    salt  *""■  * 

solution,  or  with  oil.  When  the  same  solution  is  used  over 
and  over,  an  auxiliary  tank  for  cooling  it  may  be  placed 
beside  the  hardening  tank,  the  solution  being  allowed  to 
overflow  from  the  hardening  tank  into  the  auxiliary  tank. 
Suitable  cooling  pipes,  through  which  cold  water  is  conducted, 
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are  arranged  in  the  cooline  tank,  from  which  the  pnmp  draws 
its  supply. 

20.  In  some  cases  where  only  a  limited  amount  of 
hardening  is  done,  a  spraying  device  of  the  form  shown 
in  Pig.  3  may  be  used.  This  is  simply  connected  to  the 
water  main  and  the  work  is  introduced  through  the  opening  k 
in  the  iron  plate  at  the  top  of  the  device.  The  pipes  a  are 
pierced  with  holes  h  that  direct  the  jets  of  water  against 
the  work.  Frequently,  the  best  results  can  be  obtained  by 
submerging  the  whole  device  in  water,  when  the  jets  will 
serve  to  direct  the  water  against  the  surface  of  the  work  and 
so  break  up  any  steam  pockets  that  might  form  and  have  a 
tendency  to  cause  soft  spots  on  the  work. 

21.  Tempering  of  Taps  and  Beamers. — After  the 
pieces  have  been  hardened  and  polished,  they  may  be  tem- 
pered by  heating  over  a  fire,  over  hot  metal,  or  in  hot  sand, 
until  the  desired  color  appears,  when  they  can  be  quenched 
in  water  or  oil,  or  left  to  cool  in  air;  the  last  process  will 
usually  leave  them  the  softest.  They  can  also  be  tempered 
by  being  placed  in  a  bath  of  oil  and  bringing  the  oil  to  the 
required  temperature. 

During  the  hardening  process  taps  and  reamers  are  fre- 
quently sprung  out  of  true;  they  can  be  straightened  by  pres- 
sure after  being  heated  to  a  temperature  somewhat  lower 
than  that  at  which  they  are  to  be  drawn.  The  heating  may 
be  done  in  -a  bath  of  hot  oil,  but  it  is  claimed  by  some  tool- 
makers  that  better  results  are  obtained  by  the  following 
method:  The  tap  is  placed  between  the  centers  of  a  lathe 
with  the  high  side  toward  the  tool  post.  The  end  of  a  bar 
of  iron,  clamped  in  the  tool  post,  is  brought  to  bear  against 
the  high  side  of  the  tap,  which  is  then  covered  with  lard  oil 
and  heated  by  a  Bunsen  flame  burner  until  the  oil  begins 
to  smoke.  The  tool  post  is  then  run  forwards,  bringing  the 
bar  of  iron  against  the  high  side  of  the  lap  and  springing  it  . 
straight,  or  even  bending  it  slightly  in  the  opposite  direction. 
The  tap  is  then  chilled  by  pouring  water  over  it,  when  it  will 
be  found  to  be  straight  or  only  slightly  bowed.     As  a  rule, 
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the  tool  smith  does  not  have  the  use  of  a  lathe,  and  hence 
straightens  the  tap  by  heating  to  the  proper  temperature 
over  a  fire,  over  a  flame,  or  in  oil,  then  bending  the  tap  by 
hammering  between  blocks  of  hardwood.-  After  the  tap 
is  straightened,  the  temper  is  drawn  in  the  usual  way  to  the 
desired  color  or  to  the  desired  temperature  in  oil. 


TWIST    DRILLS 

22.  Heating  of  Drills. — Twist  drills  may  be  heated 
in  the  gas  furnace  shown  in  Fig.  1,  but  the  lead  pet  is  very 
commonly  used  for  this  purpose,  especially  for  short  drills. 
A  form  of  lead-pot  furnace  is  shown  in  Fig.  4,  The  tem- 
perature of  the  lead  is  kept  between  d 

1,400°  F.  and  1,450°  F.  by  gas  flames  'p         [".i 

t>etween  the  lead  pot  d  and  the  casing  c;  j  H/  |   j 

/,/  are  holes  for  lighting  the  gas.     In  |  ^  j  j 

all  such  heating  operations,  it  is  well  to  i-^- — -'  *' 

exclude  the  daylight  as  far  as  possible, 
and   to    work  by   a   few    incandescent 

lights     giving    just    enough    light    to   _.    i| II 

enable  one  to  work.     Under  such  con-  '*"'■* 

ditions,  the  temperature  can  be  judged  very  closely,  and  the 
eye  must  always  be  depended  on  to  some  extent,  even  when 
pyrometers  or  heat  gauges  are  used. 

When  the  lead  heating  pot  is  used,  the  surface  of  the  lead 
should  be  covered  with  a  little  powdered  charcoal  to  exclude 
the  air.  Sometimes,  in  place  of  charcoal,  a  mixture  of  salt 
and  potassium  cyanide  is  used  to  top  off  the  lead  to  protect 
it  from  oxidation.  The  smaller  size  drills  are  frequently 
placed  in  clamps  holding  several,  and  all  dipped  into  the  pot 
at  once.  Some  manufacturers  prefer  to  heal  twist  drills  in 
muffles  filled  with  charcoal,  so  as  to  avoid  loss  of  carbon 
from  the  surface  of  the  steel. 

23.  Ilardenlnfi;  Drills. — Short  or  standard  length  twist 
drills  will  not  spring  much  if  dipped  vertically  into  a  suitable 
hardening  bath,  which  is  generally  water  or  some  brine 
solution.     The  bath  should  be  agitated  in  some  way,  usually 
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by  having  a  circulating  pump  attached,  somewhat  after  the 
manner  shown  in  Fig.  2.  Very  long  twist  drills  show  a 
tendency  to  spring  when  hardened;  one  method  used  to 
overcome  this  is  as  follows:  The  drill  to  be  hardened  is 
placed  in  a  long  pipe  muffle,  which  is  given  a  partial  rotation 
every  few  seconds  during  the  heating  of  the  drill;  this  insures 
a  uniform  heat.  The  shank  of  the  drill  is  next  placed  in  an 
ordinary  pneumatic  drilling  machine,  and  rotated  very  rapidly. 
The  drill  is  then  lowered  rapidly  into  the  water,  care  being 
taken  to  keep  it  vertical.  The  rapid  rotation  of  the  drill 
tends  to  prevent  the  formation  of  steam  pockets.  When  the 
drill  is  heated  in  a  horizontal  position,  care  must  be  taken  to 
see  that  it  is  not  bent  in  bringing  it  to  a  vertical  position. 
24.     Tempering  Drills. — Twist  drills  are  usually  tem- 


pered in  a  bath  of  linseed  oil,  heated  by  a  suitable  fire. 
A  furnace  suitable  for  this  purpose,  Fig.  5,  consists  of  a 
metal  casing  v.  in  which  is  suspended  an  oil  tank  s  contain- 
ing a  wire  basket.  In  the  upper  portion  of  the  figure  at  k 
is  one  of  the  handles  of  the  basket;  while  on  the  floor  in 
front  of  the  furnace  an  empty  basket  i;  is  shown.  Air  and 
gas  are  supplied  by  the  pipes  shown  leading  to  the  burners 
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located  on  each  side  of  the  furnace,  the  gas  being  lighted 
through  a  hole  near  the  plug  «,  The  temperature  of  the 
oil  bath  is  gauged  by  the  thermometer  /.  When  a  basket 
full  of  work  is  placed  in  the  oil,  the  temperature  of  the 
bath  will  fall,  and  care  must  be  taken  to  see  that  suflScient 
time  is  allowed  for  both  steel  and  oil  to  come  to  the  desired 
temperature.  The  work  can  be  removed  and  cooled  and 
cleaned  by  the  methods  already  described. 


UIU^ING    CUTTERS 

25.  HeatlQK  HllllDg  Ciittcrs. — Milling  cutters  are  of 
two  general  classes;  first,  those  made  from  high-carbon 
steel,  and  second,  those  made  from  low-carbon  steel  and 
rendered  hard  enough  for  cutting  by  case  hardening.  Most 
milling  cutters  are  sufficiently  complicated  to  require  care- 
ful treatment,  both  in  heating  and  hardening,  in  order  to  pre- 
vent cracks  and  to  insure  sharp  edges;  this  is  especially 
true  of  formed  milling  cutters.  A  furnace  designed  for 
heating  tools  of  this  kind.  Fig.  6,  consists  of  a  casing  a  that 
surrounds  both  the  combustion  chamber  and  the  heating 
chamber,  the  two  chambers  being  separated  by  a  fireclay 
slab  b.  The  burners  c  are  arranged  along  both  sides  of  the 
furnace  and  are  supplied  with  air  and  gas  through  suitable 
pipes  controlled  by  the  valves  ti  and  e.  The  gases  mingle 
and  partially  burn  beneath  the  slab  i,  the  products  of  com- 
bustion ascending  around  the  edges  of  the  slab  into  the 
space  where  the  work  is  located.  The  work  /is  supported 
on  a  block  ^  in  the  center  of  the  furnace.  Care  must  be 
taken  to  see  that  a  reducing  flame  only  is  present  in  the 
heating  chamber.  The  front  of  the  furnace  is  closed  by  a 
door  A  provided  with  a  small  hole  i  for  observing  the  tem- 
perature of  the  work.  The  burned  gases  escape  from  the 
furnace  through  a  vent  at/'. 

The  supply  of  air  for  the  furnace  passes  through  an  air 
drum  k,  to  which  is  attached  a  relief  valve  /  for  controlling 
the  air  pressure,  which  may  be  varied,  as  required,  by 
weighting   the  valve   with   small  perforated  i-pound  disks, 
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which  are  slipped  on  the  end  of  the   vertical   valve  stem. 
Two  disks  are  required  to  secure  an  air  pressure  of  1  pound, 
the   unweighted  valve   providing   a   minimum   pressure   of 
J  pound.     The  required  air  pressure   is  reached   when  the 
valve  lifts  and  steadily  blows  off  while  the  air  cock  d  is  wide 
open.     The  work  should  be  placed  in,  and  taken  from,  the 
furnace    with    special 
tongs  that  bear  on  the 
sides  of  the  cutter  with- 
out touching  the  teeth. 
If  care  is  taken  in  gov- 
erning the  heat,  such  a 
furnace   will    be    found 
very  efficient  for  heat- 
ing   large    carbon-steel 
cutters. 

When  the  shop  is  not 
provided  with  a  furnace 
like  the  one  just  de- 
scribed, very  successful 
work  may  be  done  with 
the  aid  of  a  lead  pot, 
especially  with  a  large 
numberof  small  cutters. 
Good  work  may  also 
be  done  in  an  ordinary 
fire,  provided  that  it  is 
deep  enough  to  insure 
freedom  from  oxidation 
by  the  blast.  The  tool 
smith  should  always  be 
FiQ-  fi  sparing  with  his  blast, 

and  should  not  economize  too  closely  with  his  fuel, 

26.  JlnraeiiiDK  MilHiifj  Cutters.— After  the  milling 
cutter  has  been  heated,  it  should  be  taken  from  the  fire  and 
plunged  into  the  bath  edgewise.  In  most  cases,  it  will  be 
found  best  to  take  it  from  the  fire  with  the  tongs,  but  to  use 
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a  hook  for  lowering  it  into  the  bath,  because  the  tongs 
will  prevent  the  bath  from  coming  in  contact  with  the  steel 
at  one  point  on  each  side  of  the  body  of  the  cutter  and  these 
points  will  harden  after  the  balance  of  the  cutter  is  hard,  thus 
introducing  serious  stresses  and  usually  warping,  if  not 
cracking,  the  piece.  The  hook,  on  the  other  hand,  is  in 
contact  with  but  a  line  on  the  inside  of  the  hole  throttgh  the 
cutter  and  can  have  but  little  influence  during  the  hardening. 
Milling  cutters  are  usually  hardened  in  clear  water  or  in  a 
brine  solution. 

37.  Tempering  Milling  Cutters. — When  only  a  few 
cutters  are  made,  they  are  usually  tempered  by  placing  them 
on  a  hir  of  metal  heated  to  a  dull  red  heat,  the  bar  being  at 
least  i  inch  smaller  than  the  hole.  The  bar  is  rotated  slowly, 
causing  the  cutters  thereon  to  rotate,  and  distributing  the 
heat  more  uniformly.  The  cutters  should  be  polished 
before  this  is  done,  so  that  the  temper  colors  may  be  observed 
readily  as  they  run  from  the  hole  outwards.  When  the 
proper  color,  usually  a  dark  straw,  appears  at  or  near  the 
points  of  the  teeth,  the  cutter  is  dropped  edgewise  into  a 
bath  of  cold  water.  The  advantage  of  this  method  of  tem- 
pering is  that  it  produces  a  cutter  having  a  tough  center 
and  a  tough  metal  around  the  roots  of  the  teeth,  while  the 
points  of  the  teeth  are  hard  enoufh  to  do  the  work.  Of 
course,  each  succeeding  grinding  of  such  a  cutter  will 
expose  softer  metal. 

The  smaller  milling  cutters,  when  made  of  carbon  steel, 
are  generally  heated  and  hardened  as  described  above,  and 
then  tempered  in  oil.  For  small  or  delicate  forms,  this 
gives  even  stronger  teeth  than  the  method  just  described, 
and  cutters  thus  tempered  possess  the  added  advantage  that 
successive  grindings  do  not  expose  a  softer  metal. 

28.  End  mills  and  shank  mills  are  heated,  hardened,  and 
tempered  in  the  same  manner  as  taps,  with  the  exception 
that  a  shank  mill  sometimes  has  its  temper  drawn  by  placing 
the  shank  in  a  hot  nut  or  ring  and  allowing  the  heat  to  run 
down  the  shank  and  out  to  the  roots  of  the  teeth.    When  the 
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proper  color  appears  oa  the  teeth  the  tool  is  quenched.  The 
disadvantage  of  this  method  is  that  it  leaves  a  soft,  weak 
neck,  and  in  manj  cases,  especially  with  slender  tools,  it  will 
be  found  very  much  better  to  temper  by  heating  in  oil. 

29,  In   hardening    any   milling   cutter   or   boUow   mill 
'  having  a  hole  through  it,  if  the  piece  has  not  beeii  annealed 

after  drilling  the  hole,  it  should  be  removed  from  the  fire 
when  red  hot  and  then  allowed  to  cool  slowly  until  the  red 
has  entirely  disappeared,  when  it  can  again  be  placed  in  the 
fire,  slowly  heated  to  the  required  temperature,  and  plunged 
into  a  bath  of  tepid  water  or  brine,  working  the  piece  around 
until  it  stops  singing.  It,  should  then  be  removed  and 
plunged  into  a  bath  of  oil,  where  it  should  be  allowed  to 
cool.  The  internal  stresses  should  then  be  removed  by  hold- 
ing the  cutter  over  the  fire  until  it  is  warm  enough  to  produce 
a  snapping  or  sizzling  noise  when  touched  with  a  moistened 
finger.  It  can  then  be  laid  aside  and  the  temper  drawn  at 
any  convenient  time.  Sometimes  the  work  is  taken  from 
the  hardening  bath  when  it  ceases  singing  and  placed  in  a 
bath  of  oil  or  boiling  water,  and  later  taken  from  this  and 
allowed  to  cool.  

LAltGB    FLAT    WORK 

30.  Plane  Irons. — The  irons  for  planing  wood  by  hand, 
including  the  broad  bits  for  jack-planes  and  jointers,  as  well 
as  the  narrower  bits  for  molding  planes,  were  formerly  made 
by  welding  a  tool-steel  face  to  a  piece  of  wrought  iron.  At 
present,  such  bits,  or  plane  irons,  are  made  from  a  fine  quality 
of  rolled  or  cast  steel.  The  blanks  are  sheared  or  punched 
to  the  proper  size  and  any  necessary  machine  work  is  done 
on  them,  including  grinding  the  bevel.  The  cutting  end  of 
the  bit  is  then  heated  to  a  cherry  red  by  placing  it  in  a  lead 
pot.  To  insure  heating  to  just  the  right  distance  from  the 
cutting  edge,  the  bits  are  held  crosswise,  in  a  special  pair  of 
tongs,  in  such  a  way  that  when  the  tongs  rest  on  the  edge  of 
the  lead  pot  the  bits  will  extend  into  the  lead  the  correct  dis- 
tance.    Several  bits  may  be  heated  at  one  time;  when  taken 
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from  the  lead,  one  at  a  time,  they  are  dropped  into  a  tank  of 
salt  water  or  plunged  with  the  tongs,  moving  the  pieces  aboat 
rapidly  until  cool,  then  allowing  them  to  drop  to  the  bottom 
of  the  tank.  The  bits  drop  into  a  wire  basket,  by  which  they 
can  be  lifted  out  when  a  sufficient  number  have  accumulated. 

31.  The  temper  is  drawn  between  hot-iron  plates  pressed 
together  by  a  cam-motion  hand  press,  which  not  only  serves 
to  bring  the  plates 
into  contact  with  the 
plane  iron,  but  also 
assists  in  flatten- 
ing it.  The  temper 
is  regulated  by  the 
length  of  time 
the  bit  is  between 
the  plates.  Occa- 
sionally, one  of  the 
bits  is  tested  for 
hardness  with  a  file. 
It  is  claimed  that 
greater  uniformity  of 
temper  can  be 
obtained  in  this  man- 
ner than  is  the  case 
when  judging  by 
color. 

32.  The  special 
furnace  and  clamping 
device  for  this  work 
is  shown  in  Fig.  7,  some  of  the  details  being  omitted  to 
avoid  complicating  the  sketch.  The  products  of  combus- 
tion from  the  coke  or  hard-coal  fire  beneath  pass  through 
both  plates  a  and  b  on  their  way  to  the  chimney.  The  cam- 
shaft c  is  supported  by  brackets  attached  to  the  lower  plate  a, 
but  not  shown  in  the  sketch.  The  upper  block  b  is  provided 
with  a  counterweight  so  that  it  can  be  raised  to  put  in  the 
work.     The  operation  is  as  follows;     The  block  b  is  raised, 
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the  piece  d  to  be  tempered  are  introduced,  the  block  b  low- 
ered and  clamped  firmly  in  place  by  means  of  the  cam  on  the 
shaft  c.  After  the  work  has  been  exposed  to  the  heat  a  suffi- 
cient length  of  time,  the  block  b  is  raised  and  the  work 
removed.  For  maintaining  the  fire,  a  forced  blast  is  used, 
the  air  supply  being  controlled  by  the  valve  e  in  the  pipe 
through  which  the  air  is  introduced  below  the  grate  /. 

33.     Circular  Saws  tor  Wood. — One  of  the  best  exam- 
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pies  of  hardening  and  tempering  large  flat  work  is  that  of 
circular  saws  for  cuttinjj  wood,  which  are  hardened  in  the 
following  manner:  After  the  saw  blank  has  been  cut  to  shape 
and  all  preliminary  machine  work  done  on  it,  it  is  heated 
to  a  light  cherry  red  on  the  flat  bed  of  a  large  furnace.     Two 
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views  of  such  a  furnace  are  shown  in  Fig.  8,  (a)  being  a  side 
view  and  {6)  a  plan  view.  Several  saws  are  placed  in  the 
furnace  at  one  time,  and  are  frequently  moved  and  turned  to 
secure  an  even  heating.  They  are  introduced  first  at  the 
coolest  parts  of  the  furnace  and  gradually  moved  to  the  hot- 
ter parts  in  the  order  shown  in  Fig.  8  (6),  1  being  the  last 
saw  to  be  placed  in  the  furnace  and  8  the  first.  A  series  of 
cross-cut  saws  are  also  shown  in  Fig.  8  (d);  1' ,  2',  3',  4',  etc. 
indicate  their  successive  positions  in  the  furnace.  The  fur- 
nace is  about  14  feet  square  and  is  heated  by  oil  burners  e, 
the  flame  from  which  passes  through  the  flue  a  under  the 
hearth,  up  over  the  bridge  wall  b,  into  the  healing  cham- 
ber £.  It  then  passes  down  through  openings  in  the  hearth 
to  a  passage  /,  near  the  base  of  the  furnace,  that  leads 
to  the  chimney^.  Four  large  openings  d,  d  are  closed  by 
firebrick-lined  doors  lifted  by  a  hydraulic  cylinder. 

When  the  saw  has  reached  the  desired  temperature,  it  is 
quickly  removed  from  the  furnace,  placed  in  a  vertical  posi- 
tion in  a  supporting  frame,  and  lowered,  edgewise,  into  the 
hardening  bath;  generally,  this  hath  is  composed  of  a  mixture 
of  whale  oil,  tallow,  resin,  and  beeswax.  After  the  saw  is 
taken  out  of  the  bath,  it  is  cleaned  by  scraping  and  then 
scoured  with  sawdust. 

34.  For  drawing  the  temper,  the  hardened  saw  is  placed 
between  two  flat,  circular,  cast-iron  plates  in  a  horizontal 
position,  the  upper  plate  weighing  several  tons  and  being 
lifted  by  means  of  a  hydraulic  cylinder.  The  reason  for 
using  such  a  heavy  plate  is  to  take  out  the  buckling  due  to 
hardening  and  to  give  a  uniform  and  close  contact  of  the  saw 
with  the  hot  plates.  The  plates  are  kept  evenly  heated  by 
revolving  them  in  a  furnace  heated  by  a  series  of  carefully 
controlled  gas  jets.  The  degree  to  which  the  temper  is 
drawn  is  regulated  by  the  time  the  saw  is  left  between  the 
plates,  the  hardness  being  tested  with  a  file  after  removing 
the  work  from  the  plates.  If  the  saw  is  too  hard,  it  is 
returned  to  the  plates.  Saws  for  wood  are  drawn  to  a 
temper  equivalent  to  a  blue  temper  color,  but  usually  in  this 
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method  no  attention  whatever  is  paid  to  the  color,  the  file 
test  being  used  to  determine  their  hardness. 

35.  Cold  Sa\T8  for  Hetal. — Cold  saws  are  [heated  and 
hardened  in  the  manner  just  described  for  wood  saws,  but 
sometimes  the  temper  of  the  cold  saw  is  not  drawn  at  all,  it 
being  left  just  as  it  comes  from  the  oil  bath;  at  other  times, 
the  temper  is  drawn  to  a  straw  color,  by  means  of  heavy 
plates,  as  described  in  connection  with  the  wood  saws. 


36.  Under  the  head  of  dies  may  be  classified  a  great 
variety  of  tools,  embracing  all  types  from  the  heavy  drop- 
hammer  dies  to  the  delicate  and  intricate  punching  and  trim- 
ming dies  for  sheet-metal  work.  Drop-hammer  dies  are 
usually  heated  in  a  special  furnace  or  face  down  in  a  coke 
fire,  the  face  only  being  brought  to  the  desired  temperature. 
They  are  then  hardened  by  being  placed  face  down  on  suit- 
able supports,  with  the  face  just  below  the  surface  of  the 
hardening  bath.  The  hardening  solution  is  then  forced 
against  the  face  of  the  die  in  a  series  of  powerful  jets  to 
prevent  the  formation  of  steam  pockets  and  insure  rapid 
cooling  of  the  work.  Sometimes  the  die  is  placed  face  up 
and  subjected  to  the  action  of  a  series  of  jets  of  water. 
After  hardening,  the  temper  is  drawn  to  the  required  degree 
by  heating  over  a  fire  or  over  hot  metal, 

37.  With  thinner  and  more  intricate  press  dies,  greater 
care  must  be  exercised  in  hardening  and  tempering.  Usually 
these  dies  can  best  be  heated  in  some  form  of  oven  furnace. 
If  the  die  contains  any  screw  holes  or  small  holes  that  do 
not  require  hardening,  they  should  be  stopped  with  fireclay, 
so  as  to  avoid  as  far  as  possible  the  risk  of  cracking  the  die. 
The  die  may  be  hardened  in  water  or  brine.  Immediately 
after  hardening,  it  should  be  removed  from  the  bath  and 
slightly  warmed  to  avoid  cracking.  This  reheating  may  be 
done  by  immersing  the  piece  in  boiling  water  or  by  holding 
the  die  over  the  fire  until  it  is  heated  to  such  a  temperature 
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,  that  a  few  drops  of  water  sprinkled  on  it  will  immediately 
turn  into  steam.  This  temperature  will  not  be  sufficient  to 
make  the  temper  colors  appear,  but  will  aid  in  reducing  the 
tendency  of  the  die  to  crack. 

38.  A  die  made  from  a  blank  cut  from  a  bar  of  steel,  and 
machined  and  worked  out  without  annealin^^  is  likely  to  crack 
during  the  hardening  process,  especially  when  the  die  is  of 
irregular  outline.  For  this  reason,  the  stock  tor  dies  should 
always  be  annealed  when  possible.  If  it  is  not  possible  to 
anneal  the  stock  before  the  die  is  machined  to  shape,  the 
finished  die  should  be  heated  to  a  uniform  red  heat,  removed 
from  the  fire,  and  allowed  to  cool  until  black.  It  should  then 
be  reheated  to  the  proper  temperature  and  hardened. 

39.  The  method  used  for  drawing  the  temper  of  a  die 
depends  very  largely  on  the  form  of  the  die  and  the  use 
to  which  it  is  to  be  put.  Cutting  dies  are  drawn  to  colors 
ranging  from  straw  to  blue,  depending  on  the  work  they  are 
to  perform.  Sometimes,  in  the  case  of  cutting  dies,  one  of 
the  dies  is  made  much  harder  than  the  other,  so  that  the 
harder  die  can  be  used  to  trim  the  softer  one  to  exact  form. 
This  is  an  advantage  when  repairing  the  die  to  take  up  wear. 
After  peening  out  the  worn  edge,  the  irregularities  are 
removed  by  the  harder  die.  The  die  on  which  the  most 
work  has  been  done  should  be  the  hard  die,  and  the  cheaper  one 
the  soft  die.  Thus  far  no  distinction  has  been  made  between 
the  terms  die  and  punch,  the  term  die  being  used  to  cover 
both  parts  of  the  tools  used  for  cutting  and  forming  metal. 

With  forming,  embossing,  or  coining  dies,  the  temper  is 
such  that  the  metal  is  usually  much  harder  than  in  the  case 
of  cutting  dies,  drawing  dies  sometimes  being  made  as  hard 
as  possible.  

SPRINGS 

40.  Flat  8prlnfcs> — Under  the  head  of  flat  springs  may 
be  included  every  variety  from  the  small  springs  in  locks 
and  firearms  to  the  heavy  leaf  springs  for  supporting  loco- 
motives.    When  of   uniform  thickness,  the  smaller  springs 
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are  asaally  shaped  from  sheet  metal  of  the  required  tfaiclc- 
ness.  Sometimes  the  steel  is  annealed  and  bent  to  shape; 
but  in  other  cases  it  is  heated  red  hot  and  bent  to  shape, 
frequently  by  the  use  of  dies.  In  the  case  of  large  tapered 
springs,  the  metal  is  either  forged  or  rolled  to  shape.  After 
the  steel  has  been  given  the  required  taper,  it  ts  bent  to  a 
templet,  or  is  given  the  desired  form  by  the  use  of  dies, 
when  it  is  ready  for  hardening.  As  a  rule,  the  steel  will 
harden  more  uniformly  if  first  annealed.  This  can  be  accom- 
plished by  packing  in  boxes  with  spent  bone  or  a  mixture  of- 
spent  bone  and  charcoal,  bringing  to  the  required  heat  in  a 
furnace,  and  then  allowing  the  springs  to  cool  in  the  boxes. 
Sometimes  targe  springs  are  annealed  by  heating  them  sepa- 
rately in  a  suitable  furnace,  then  placing  them  in  a  box  of 
warm  lime,  where  they  are  allowed  to  cool  slowly. 

41.  Large  springs  are  hardened  separately;  they  are 
first  heated  to  the  required  temperature  and  then  cooled  in  a 
suitable  bath.  No  universal  rule  can  be  given  for  the  bath 
to  be  used,  as  this  depends  very  largely  on  the  character  of 
the  steel  under  treatment.  For  some  steels,  a  bath  of  raw 
linseed  oil  is  used  with  great  success,  while  some  spring 
makers  use  a  bath  composed  of  50  parts  of  sperm  oil,  49 
parts  of  ueat's-foot  oil,  and  1  part  of  resin.  Sometimes  it  is 
better  to  harden  in  a  brine  solution,  and  at  other  times 
clear  water  will  give  the  best  results.  There  are  some 
brands  of  steel  that  require  quenching  in  a  bath  of  boiling 
water  to  secure  tlie  best  results;  this  is  especially  true  of 
some  of  the  cheaper  brands. 

Large  quantities  of  very  small  springs  are  frequently 
treated  in  bulk,  being  heated  in  some  form  of  box  or  wire 
basket,  either  with  or  without  packing  material,  and 
quenched  by  being  dropped  all  together  into  the  hardening 
bath. 

42.  After  springs  are  hardened,  they  must  be  tempered, 
which  is  done  by  several  methods.  Large  springs  are  very 
frequently  drawn  to  color  by  polishing  and  then  heating  over 
a  fire,  a  hot  plate,  or  a  sand  bath.     For  most  work  they 
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should  be  drawn  to  a  full  blue,  sometimes  to  a  very  dark 
blue.  They  should  then  be  plunged  into  oil  or  water  to  fix 
the  temper.  Small  springs  are  also  frequently  treated  the 
same  as  large  springs,  except  that  the  temper  is  drawn  over 
a  gas  flame. 

The  temper  of  springs  of  fairly  large  dimensions  is  fre- 
quently drawn  by  a  process  known  as  flashing  off.  If  lin- 
seed oil  is  heated  to  ahout  600°,  it  will  burn  with  a  continu- 
ous white  flame  that  can  be  blown  out  only  with  difficulty. 
If  the  temperature  is  slightly  below  this,  the  fumes  from  the 
oil  will  bum  if  a  piece  of  lighted  paper  is  held  over  the  oil 
bath,  but  will  go  out  as  soon  as  the  lighted  paper  is  removed. 
In  tempering  springs,  advantage  is  taken  of  the  fact  that  the 
point  at  which  spontaneous  and  instantaneous  flaming  of 
the  oil  occurs  corresponds  with  the  temperature  to  which  the 
temper  of  the  spring  should  be  drawn.  The  springs  are  first 
dipped  into  oil  and  then  held  over  the  fire,  a  flame,  or  a  piece 
of  hot  iron,  until  the  oil  on  the  spring  ignites.  The  spring 
is  then  plunged  into  a  bath  of  oil  for  a  moment  to  extinguish 
the  flame  and  to  cool  the  surface  of  the  spring,  and  the 
operation  repeated.  By  doing  this  several  times,  the  spring 
is  drawn  to  a  uniform  temper;  flashing  off  three  times  is 
usually  sufBcient  for  any  spring.  If  the  oil  were  allowed  to 
continue  to  burn  on  the  surface  of  the  spring,  it  would  result 
in  drawing  the  temper  too  far,  and  in  softening  the  spring  to 
a  degree  at  which  it  would  lose  its  elasticity.  Care  must  be 
taken  to  hold  the  spring  far  enough  from  the  fire  so  that  the 
oil  will  not  ignite  until  the  temperature  of  the  spring  has 
reached  the  temperature  of  the  flashing  point  of  the  oil. 

The  temper  of  springs  of  small  dimensions  is  frequently 
drawn  by  placing  them  in  a  bath  of  oil  and  heating  the  oil  to 
about  600°  F.;  for  some  work,  a  few  degrees  less  is  sufficient. 

43.  Colled  Sprluffs. — For  some  classes  of  work,  coiled 
springs  may  be  made  by  taking  high-temper  spring  wire  and 
coiling  it  on  a  suitable  mandrel  in  an  engine  lathe;  these 
springs  will  frequently  give  good  results,  especially  for  ten- 
sion   springs.       For    compression    springs,    however,    and 
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especially  for  those  of  large  dimensions,  the  metal  is  usually 
coiled  while  hot  and  is  then  hardened  and  tempered  in  a 
manner  similar  to  that  used  for  flat  springs,  the  heating 
being  accomplished  in  a  suitable  furnace.  The  temper  of 
large  spiral  springs  is  usually  drawn  by  flashing  off.  Where 
proper  facilities  are  at  hand  small  springs  are  usually  tem- 
pered by  beating  in  oil. 

SELECTION  OP  STEEL 
44.  A  piece  of  properly  tempered  tool  steel  has  a  finer 
grain  than  the  bar  from  which  it  was  made,  but  the  fineness  of 
the  grain  alone  is  not  an  indication  of  the  degree  of  hardness. 
If  two  bars,  one  containing  about  .8  per  cent,  of  carbon,  and 
the  other  containing  about  1.1  per  cent,  of  carbon,  be  properly 
hardened,  the  appearance  of  the  fractures  of  the  two  bars 
will  not  be  very  diHerent,  but  the  bar  containing  the  higher 
percentage  of  carbon  will  be  the  harder,  while  the  one  con- 
taining the  lower  percentage  of  carbon  will  be  the  tougher. 
The  percentage  of  carbon  in  steel  should  be  graded  accord- 
ing to  the  purpose  for  which  it  is  to  be  used,  and  an  order 
for  steel  should  be  accompanied  by  a  statement  as  to  the 
purpose  for  which  the  different  bars  are  to  be  used,  so  that 
the  maker  may  be  able  to  select  steel  containing  the  proper 
percentage  of  carbon.  Most  manufacturers  of  carbon  steel 
make  at  least  twenty-four  grades.  If  it  is  necessary  for  a 
cutting  tool  to  be  harder  than  a  given  grade  of  steel  will 
make  it,  a  steel  containing  a  higher  percentage  of  carbon 
should  be  used.  Steel  for  many  forms  of  dies  and  punches 
and  for  taps  can  be  of  a  lower  grade  than  that  required  for 
certain  forms  of  reamers  or  cutting  tools  for  cutting  very 
hard  material;  for  turning  chilled  iron,  the  steel  must  have 
practically  the  highest  obtainable  percentage  of  carbon. 

46.  Whether  or  not  the  steel  contains  harmful  elements 
or  impurities  is  another  point  to  be  considered  when  select- 
ing it.  For  some  classes  of  work  the  steel  must  contain 
practically  nothing  but  iron  and  carbon;  nothing  but  a  high- 
grade  crucible  steel  can  fulSl  these  requirements.    For  many 
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purposes,  however,  Bessemer  or  open-hearth  steels  are  suit- 
able for  tools  that  do  not  require  a  very  high  percentage  of 
carbon.  A  careful  study  of  the  Conditions  will  usually  make 
it  clear  as  to  whether  a  very  hij^h  grade  of  steel,  costing, 
say,  50  cents  per  pound,  is  required,  or  whether  a  cheaper 
grade,  costing,  probably,  10  cents,  or  even  less,  can  be  used. 

46.  The  lower  the  percentage  of  carbon,  the  higher  is 
the.  hardening  heat  of  the  steel.  Ordinarily,  steel  makers 
are  called  on  to  furnish  steel  without  adequate  specifica- 
tioDS,  and  hence  they  have  adopted  the  plan  of  varying  the 
carbon  with  the  size  and  form  of  the  bar.  All  users  of  steel, 
however,  should,  as  previously  stated,  be  careful  to  state  the 
purpose  for  which  the  steel  is  to  be  used,  and  as  a  result 
they  will  usually  obtain  steel  much  better  suited  to  their 
work.  It  is  not  always  advisable  to  purchase  low-priced 
steel,  as  usually  the  lower  the  price  the  poorer  is  the  quality. 
Frequently,  the  cheap  steels  are  the  oS-heats  or  the  steels 
containing  a  large  percentage  of  impurities. 


HIGH-SPEED  TOOL  STEELS 


HEAT  TREATMENT  OF  HIGH-SPEED  TOOL  STEEIiS 
47.  High-speed  tool  steels  require  very  different  heat 
treatment  from  that  necessary  with  carbon  steels.  When 
the  tool  is  to  be  hardened,  it  is  usually  heated  to  a  white 
heat,  that  is,  until  the  scale  of  the  surface  appears  molten. 
It  is  then  cooled  in  a  blast  of  cold  air.  In  the  Taylor-White 
process  for  treating  steels  of  this  class,  the  part  of  the  tool 
to  be  hardened  is  heated  white  hot,  and  then  plunged  into  a 
bath  of  molten  lead  maintained  at  a  red  heat,  care  being 
taken  to  have  the  bath  of  sufficient  volume  that  its  tempera- 
ture will  not  rise  perceptibly  while  the  tools  are  in  it.  The 
steel  is  cooled  rapidly  to  the  temperature  of  the  lead  bath, 
because  the  lead  transmits  heat  rapidly.  The  tools  are  then 
j%moved  and  cooled  to  the  temperature  of  the  air. 
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4S.  When  this  class  of  steel  was  first  brought  out,  it  was 
supposed  that  it  would  be  used  for  rougfhing  tools  for  the 
lathe  and  planer,  and  that  it  could  not  be  used  extensively 
for  tools  made  by  machinery,  as  milling  cutters  and  drills. 
Subsequently,  it  was  discovered  that  if  the  steel  was  properly 
packed  and  heated  to  a  white  heat  and  then  allowed  to  cool 
slowly,  it  would  be  soft  enough  to  be  machined.  In  packing 
the  steels,  they  should  be  placed  in  a  pipe  or  box  and  sur- 
rounded by.  small  pieces  of  coke  or  charcoal;  the  box  should 
then  be  sealed  with  fireclay,  care  being  taken  to  leave  vents 
for  the  escape  of  the  gases  given  off  by  the  coke.  The  heat- 
ing furnace  should  first  be  heated  to  a  white  heat,  the  pack- 
ing cases  introduced,  and  left  from  1  to  3  hours,  depending 
on  the  size  of  the  pieces.  They  should  then  be  slowly 
cooled  with  the  furnace,  or  by  being  buried  in  some  non- 
conducting substance.  When  cold,  the  steel  will  be  soft 
enough  for  machining.  The  pieces  are  then  machined  to 
shape  and  hardened. 

49.  The  heating  for  hardening  high-speed  steels  can 
be  accomplished  in  a  number  of  ways.  The  pieces  may  be 
suspended  in  a  gas  furnace  similar  to  that  shown  in  Fig.  l,a 
special  furnace  capable  of  maintaining  a  very  high  heat  being 
used.  Great  care  must  be  taken  that  no  oxygen  strikes  the 
steel  while  it  is  being  heated.  The  work  can  also  be  heated 
in  a  lead  pot,  the  lead  being  contained  in  a  graphite  crucible 
and  covered  with  powdered  charcoal,  and  brought  to  a  white 
heat.  If  the  heating  is  done  in  an  ordinary  blacksmith's 
forge,  care  must  be  taken  to  avoid  uneven  heating  of  the 
bottom  of  the  crucible,  as  the  blast  of  the  forge  may  act  as  a 
blowpipe  on  one  spot  and  burn  a  hole  through  the  crucible. 
The  steel  may  also  be  heated  by  packing  in  pipes  or  boxes, 
as  already  described  for  annealing,  and  bringing  to  a  white 
heat.  Whichever  method  is  used,  care  must  be  taken  to 
plunge  the  steel  into  a  bath  of  oil  immediately  on  taking 
it  from  the  fire,  lead  pot,  or  packing  box.  Linseed  oil, 
sperm  oil.  or  fish  oil  may  be  used  for  this  purpose.  If  the 
work  is  exposed  to  the  air,  it  will  scale  and  so  change  its  size. 
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50.  After  the  steel  has  been  hardened,  it  will  be  found 
too  brittle  for  such  tools  as  taps,  drills,  milling  cutters,  etc., 
and  hence  the  temper  must  be  drawn.  If  drawn  by  color,  it 
will  be  necessary  to  observe  a  new  set  of  temper  colors;  for 
even  the  blue  heat  of  carbon  steel  is  not  sufficient  for  high- 
speed tool  steel  and  the  heat  must  be  continued  until  the 
metal  reaches  a  greenish  tint.  The  piece  is  then  allowed  to 
cool  in  a  dry  place,  where  it  will  not  be  affected  by  drafts. 


Usually  this  will  leave  it  soft  and  tough  enough  for  most 
purposes,  but  in  some  cases  it  must  be  heated  to  a  black 
heat,  or  until  the  red  is  just  visible  in  a  dark  place.  When  a 
lead  pot  is  used  for  heating  the  steel,  it  is  well  to  bring  the 
piece  to  a  bright  red  or  orange  heat  in  a  furnace  before 
introducing  it  into  the  lead,  as  this  will  avoid  extremely 
sudden  changes  of  temperature  which  might  craclc  or  break 
the  steel. 


^aovGoOt^lc 


HARDENING  AND  TEMPERING 


SPECIAL  FURNACES  FOR  HARDENING 
AND  TEMPERING 

51.  Fuel  for  Hardening  Fnrnaces. — The  ideal  fuel 
for  a  hardening  furnace  is  one  the  supply  of  which  can 
easily  be  controlled,  so  as  to  maintain  a  uniform  temper- 
ature and  at  the  same 
time  insure  a  reducing 
fire  under  all  circum- 
stances. The  only  way 
this  can  be  accomplished 
with  a  solid  fuel  is  by 
having  a  very  deep  fire 
and  a  grate  or  tuyfere 
carefully  designed  to 
prevent  the  localization 
of  the  blast,  which 
might  force  unburned 
air  through  the  fire. 
The  difficulty  of  main- 
taining a  uniform  heat 
with  solid  fuel,  and  also 
the  fact  that  a  furnace 
using  the  solid  fuel 
cannot  be  used  inter- 
mittently, has  resulted 
in  the  use  of  gas  in 
most  cases  for  heating 
work  for  hardening  and 

Fm.  10  tempering. 

52.  Bench  Forge. — In  the  tool  room  for  heating 
small  work,  the  gas  forge  shown  in  Fig.  9  will  be  found 
very  useful.  This  style  was  first  designed  for  brazing  thick 
sheets  of  brass,  by  placing  the  joint  in  the  center  and  resting 
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the  sheet  on  iron  flanges  a  that  project  on  each  side  of  the 
furnace.  For  hardening;  steel,  two  firebricks  6,c  are  ordi- 
narily placed  on  the  flanges  a,  forming  a  heating  chamber 
2a  inches  wide,  2  inches  high,  and  6  inches  deep.  This  furnace 
is  heated  by  three  burners,  one  at  the  top  and  one  on  each 
side,  to  effect  an  even  distribution  of  the  heat  and  also  to 
enable  the  furnace  to  be  heated  up  quickly. 

53.  Tool-Boom  Porge. — When  work  of  medium  size  is 
to  be  heated,  the  forge  shown  in  Fig.  10  will  give  good 
results.  It  is  comi:nonly  known  as  a  tool-room  forue  and 
is  made  in  several  sizes,  with  corresponding  variations  in  the 
size  of  the  heating  chamber.  The  work  is  placed  in  the 
heating  chamber  through  the  door  a.  The  two  burners,  one 
on  each  side  of  the  furnace,  are  supplied  with  gas  through 
the  pipe  d,  and  with  air  through  the  pipe  c,  the  supply  of 
trath  air  and  gas  being  controlled  by  suitable  valves.  Such 
a  furnace  in  the  tool  room  will  enable  the  toolmaker  to 
harden  practically  all  his  tools.  The  advantage  of  having 
tools  hardened  in  the  tool  room  is  that  the  toolmaker  knows 
exactly  the  character  of  the  steel  used  for  each  piece,  and 
hence  can  give  it  suitable  treatment. 

54.  Ctrciilar  Annealing  and  Hardening  Furnace. 

Many  special  forms  of  gas  furnaces  have  been  developed  for 
special  work.  For  heating  large  circular  work,  for  annealing 
or  hardening,  a  furnace  of  the  form  shown  in  Fig.  11  will  be 
found  very  convenient.  This  furnace  consists  of  a  circular 
metal  casing  a  with  a  suitable  firebrick  lining  d.  The 
burners  c  are  arranged  in  such  a  manner  that  they  enter  the 
furnace  tangentially  so  as  to  cause  the  flame  to  travel 
around  in  the  furnace,  thus  insuring  uniform  distribution  of 
the  heat.  The  cover  consists  of  an  iron  band  rf,  inside  of 
which  are  clamped  firebrick  tiles  e,  and  is  so  .arranged 
that,  by  throwing  back  slightly  the  lever  /,  it  will  be  lifted 
ofE  the  furnace  by  the  chains  £-,  when  it  may  be  swung 
to  one  side,  giving  access  to  the  work  and  to  the  entire  top 
of  the  furnace.  The  work  A  is  supported  in  the  center  of 
the  furnace  on  suitable  firebrick  tiles. 

53B— 29 
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55.  Oven-Aaaeallng:  Fnrnace. — In  any  shop  where  a 
considerable  amount  of  high-carbon  steel  is  used,  it  is  neces- 
sary to  make  provision  for  the  annealing  of  the  steel  in 
packing  boxes.  A  furnace  suitable  for  heating  such  pack- 
ing boxes,   shown  in   Fig.   12,  consists  of  an  oven  below 


whose  tile  floor  a  there  is  a  combustion  chamber  with  a 
series  of  burners  6  arranged  along  each  side.  Iron  bars  c 
are  usually  placed  on  the  tile  floor  to  protect  it  from  wear 
as  the  packing  boxes  are  slid  in  and  out.  The  door  d 
should  be  arranged  with  a  counterweight,  so  that  it  can  be 
opened   and   closed   easily.     The    products   of   combustion 
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escape  through  the  openings  e,  e  in  the  top  of  the  furnace. 
This  furnace  is  of  sufficient  capacity  to  take  in  boxes  or  pots 
large  enough  to  hold  any  ordinary  work. 

56.  Tumbllng-Barrel  Furnace. — To  insure  a  uniform 
temperature  for  small  work,  many  special  types  of  furnaces 
have  been  developed.  One  of  these,  shown  in  Fig.  13,  is 
used  for  heating  steel  in  drawing  the  temper.     The  furnace 


consists  of  an  ordinary  oven,  with  a  metal  casing  a  and 
burners  b,b,  the  temperature  of  which  can  be  regulated  by 
means  of  a  thermometer  c.  The  temperature  registered  by 
the  thermometer  will  not  be  the  same  ;is  the  temperature  of 
the  interior  of  the  furnace,  but  the  proportion  between  the 
two  will  be  always  the  same,  and  if  experiment  has  proved 
that  a  certain  temperature  on  thermometer  c  is  right  for  a 
certain  class  of  work,  that  temperature  can  be  recorded  and 
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always  used  when  hardening  the  same  class  of  work.  The 
front  of  the  oven  is  closed  by  a  door  d  when  the  furnace  is 
in  use.  Inside  the  furnace  there  is  a  tumbling  barrel  e,  sup- 
ported on  a  shaft  passing  through  the  back  of  the  furnace; 


Fig. I» 
(his  tumbling  barrel  can  easily  be  detached  and  lifted  out  of 
the  furnace  by  means  of  the  handle  /.     The  supporting  shaft 
for  the  tumbling  barrel  is  rotated  by  a  pair  of  bevel  gears, 
one  of  which  is  on  the  shaft  g.    When  in  use,  the  work  is 
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dropped  into  the  tumbling  barrel,  or  drum,  e,  and  the  machine 
started.     The  work  can  be  observed  from  time  to  time  by 
opening  the  door  d  and  noting  the  color  of  the  work,  or  by 
removing  a  piece  and  trying  it  with  a  file.     When  the  proper 
conditions  have  been  determined,  it  is  not  necessary  to  open 
the  door  d  until  the  thermometer  c  has  indicated  the  required 
temperature  for  a 
sufficient     length    of 
time     to     draw    the 
work  to  the  desired 
temper. 

57.     Sand    Tem- 
per-Dra^vInK 

Furnace. — In  some 
cases,  better  results 
can  be  obtained  in 
drawing  the  temper 
of  the  work  by  expo- 
sing it  to  a  shower 
of  heated  sand.  A 
furnace  for  doing  this 
class  of  work  is 
shown  in  Fig,  14. 
It  consists  of  an  oven 
furnace  in  which  is 
arranged  a  tumbling 
barrel,  or  revolving 
cylinder,  the  inside 
surface  of  which  is 
filled  with  a  series  of 
boxes  that  carry  the 

sand  up  and  then  pour  ^^-  " 

it  in  a  shower  over  the  work.  Clean  white  sand  or  ground 
flint  is  generally  used  for  this  purpose,  and  the  work  itself 
slides  or  rolls  forwards  on  the  sand  in  the  bottom  of  the 
drum  as  the  latter  slowly  rotates.  The  rotating  drum  a  is 
driven  by  a  worm-wheel  and  worm,  shown  in  the  illustration. 
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The  temperature  may  be  gaug^ed  by  noting  the  reading  of 
the  thermometer  i^.  The  burners  are  arranged  in  a  chamber 
below  the  revolving  drum,  the  gas  being  lighted  at  the 
hole  c. 

58.  Air-Tempering  Fiirnaoo. — For  tempering  certain 
classes  of  work,  there  is  frequently  used  a  furnace  so 
arranged  as  to  heat  air  as  it  passes  through  pipes  or  between 
plates  situated  in  the  heating  chamber.     The  heated  air  is 


then  conveyed  to  the  oven  or  chamber  in  which  the  work  to 
be  tempered  is  placed. 

59.  Clialn-Conveyer  Furnace. — For  heating  or  tem- 
pering work  of  irregular  form,  many  different  Styles  of 
chain-conveyer  furnaces  have  been  brought  out.  One  of 
these  is  shown  in  Fig.  15.  The  furnace  body  proper  is 
heated  by  a  series  of  burners  b.  b.  and  the  work  to  be  tem- 
pered is  placed  between  the  cast  links  ;',  at  the  right-hand 
end  of  the  furnace.  The  temperature  of  the  furnace  and  the 
speed  of  the  chain  are  so  regulated  that  the  work  is  heated 
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to  just  the  required  degree  while  it  is  passing  through  the 
furnace.  When  the  work  has  been  healed  it  is  dropped 
automatically  into  a  cooling  bath  k.  Furnaces  of  this  class 
are  used  for  heating  a  great  variety  of  work,  for  either  hard- 
ening or  tempering. 

60.  licad-Pot  Furnace. — Molten  lead'is  largely  used 
as  a  bath  for  heating  steel  for  hardening.  The  lead  may 
be  contained  in  a  small  pot  over  a  special  furnace,  like  that 
illustrated  in  Fig.  11,  or  the  pot  may  contain  over  a  ton  of 
molten  metal,  as  in  the  case  of  furnaces  in  which  it  is 
desired  to  maintain  the  temperature  of  the  bath  within  very 
close  limits. 

61.  Oil-Tempering  Farnaee. — For  drawing  the  tem- 
per in  oil,  special  oil  baths  placed  over  suitable  heating 
furnaces  are  very  frequently  used.  One  form  of  gas-fired 
oil-tempering  bath  is  shown  in  Fig.  5.  For  large  or  long 
work  these  baths  frequently  lake  the  form  of  deep  cylindri- 
cal pots,  which  may  be  heated  over  a  coke  or  coal  fire  or  by 
means  of  oil.  As  the  style  of  furnace  required  depends 
entirely  on  the  character  of  the  work  being  done,  no  general 
rules  for  the  selection  of  oil-tempering  furnaces  can  be  given, 
but  there  are  certain  precautions  that  should  always  be  taken. 
With  gas-burning  furnaces,  the  gas  and  air  valves  should  tie 
so  located  that  the  boiling  over  and  ignition  of  the  oil  in  the 
tempering  tank  will  not  prevent  the  operator  from  shutting 
off  the  fire  under  the  furnace.  In  any  oil-bath  furnace,  there 
should  be  provided  a  cover  that  can  be  placed  over  the  tank 
quickly  to  extinguish  any  fire  that  may  start.  With  an  oil-bath 
furnace  heated  with  solid  fuel,  the  bath  should  be  so  located 
that  the  boiling  over  of  the  oil  will  not  carry  it  into  the  fire 
in  the  heating  chamber.  By  observing  these  precautions 
the  tempering  tank  becomes  a  relatively  safe  device,  even 
when  the  oil  is  to  be  heated  to  a  very  high  temperature. 

62.  Tool  TircBsor's  Forffo. — When  the  steel  is  heated 
in  a  forge  using  solid  fuel,  it  is  well  to  have  a  specially  con- 
structed forge  with  a  hood.  The  reasons  for  this  are:  first, 
for  all  tool   dressing  a  very  deep  fire   is   necessary,   and 
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second,  the  hood  will,  to  a  considerable  degree,  protect  the 
work  from  drafts.  A  good  form  of  this  style  of  forge  is 
shown  in  Fig.  16.     A  heavy  cast-iron  base  a  supports  the 


m. 


forge  pan  b,  over  which  is  mounted  a  hood  c.  At  the  back 
of  the  hood  there  is  a  rectangular  opening  d,  through  which 
long  work  is  allowed  to  project.  Blast  for  the  forge  is 
supplied  by  the  pipe  e.  In  the  front  of  the  hood  there  is  a 
large  rectangular  opening  /,  giving  ready  access  to  all  pai=ts 
of  the  forge  pan.  The  top  of  the  forge  h  should  be  about 
3  feet  in  diameter,  and  the  hood  about  24  Inches  high  up  to 
the  conical  portion  leading  to  the  stack.  Crushed  coke  is 
generally  used  as  a  fuel  in  such  a  forge,  although  for  some 
work  charcoal  may  be  used. 

63.  Unrdeninit  Furnace. — In  many  cases,  a  hardening 
furnace  using  coke  as  a  fuel  is  desired;  such  a  furnace  is 
shown  in  detail  in  Figs.  17  and  18,  the  left-hand  portion  of 
Fig.  17  being  a  front  view,  and  the  right-hand  portion  a  sec- 
tion. Fig.  18  (a)  is  a  longitudinal  section,  and  Fig.  18  (S) 
a  plaD  of  the  grate  and  a  section  through  the  fire-door.     The 
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grate  bars  are  of  the  herring-bone  pattern.  In  any  furnace 
of  this  kind,  it  is  very  important  that  the  surface  of  the  grate 
should  remain  level,  and  that  the  bars,«as  far  as  possible, 
should  be  kept  from  warping.  .Warping  of  grate  bars  causes 
an  unequal  distribution  of  the  air,  resulting  in  an  tinequal 


heating  and  possible  burning  of  the  steel.  Clean,  hard  coke 
should  be  used  for  such  a  furnace,  unless  for  special  work 
good  hard  charcoal  is  preferable.  The  fire  should  be  kept 
at  such  a  level  that  its  upper  surface  will  be  level  with,  or 
slightly  above,  the  bottom  of  the  fire-door. 
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HARDENING  BATHS 

64.  Water  and  Brine  Batlis. — In  many  shops,  a  barrel 
or  any  other  convenient  receptacle  is  used  to  hold  the  water 
for  the  hardening  bath.  Where  considerable  hardening  is  to 
be  done,  especiallr  where  brine  is  used,  it  is  well  to  have  a 
large  tank  that  can  be  covered,  when  not  in  use,  to  exclude 


dust  and  dirt,  and  the  temperature  of  which  can  be  controlled 
either  by  suitable  steam  and  cold-water  pipes  passing  through 
the  bath,  or  by  surrounding  the  bath  by  a  tank  of  water  main- 
tained at  the  desired  temperature.  In  most  cases,  if  the  bath 
is  in  continuous  use,  it  will  be  necessary  to  cool  it  in  order 
to  keep  it  at  the  proper  temperature,  and  this  can  be  accom- 
plished by  flowing  cold  water  about  the  bath.    Fig.  19  shows 
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a  plan,  and  side  and  end  elevations,  of  a  hardening  bath,  in 
which  d  is  a  large  water  tank  and  b  the  bath  proper.  The 
water  for  cooling  the  tank  a  flows  in  through  the  pipe  c,  and 
the  overflow  water  passes  out  through  the  pipe  d.  It  will  be 
noticed  that  the  pipe  c  is  brought  into  the  tank  in  such  a  way 
as  to  insure  the  circulation  of  the  water  about  the  bath  b. 
If  for  any  reason  it  is  desired  to  maintain  the  bath  at  a  tem- 
perature above  that  of  the  inflowing  water,  it  may  be  neces- 
sary under  some  circnmstances  to  warm  the  bath,  and  in  this 
case  a  steam  pipe  may  be  placed  in  the  tank  a. 

65.  on  Batbs. — When  oil  baths  are  used,  they  may  be 
arranged  as  shown  in  Fig.  19,  the  oil  being  in  the  bath  b,  and 
the  water  circulating  about  it  to  keep  it  at  the  required  tem- 
perature. Circular  tanks  having  double  walls  are  also  fre- 
quently used,  being  so  arranged  that  there  is  a  circulation  of 
water  between  the  walls.  In  some  cases,  oil  baths  are  pro- 
vided with  air  pipes  passing  down  the  sides  and  along  the 
bottom,  for  injecting  air  into  the  bath  through  a  large 
number  of  very  small  holes.  These  air  pipes  are  arranged 
in  the  central  part  of  the  tank  and  cause  the  oil  in  the  center 
to  rise,  and  that  next  the  walls  to  descend.  The  air  not  only 
serves  to  circulate  the  oil  and  so  keep  it  at  a  uniform  tem- 
perature, but  also  aids  very  greatly  in  cooling  the  oil. 
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HIGH  TEMPERATURE   MEASUREMENTS 


PTROHETERS 

66.  For  measuring  ordinary  temperatures,  even  as  high 
as  1,000°  F.,  special  mercurial  thermometers  are  frequently 
used;  but  for  determining  the  temperatures  necessary  tor 
annealing,  hardening,  and  similar  operations,  some  form  of 
pyrometei-  should  be  employed.  One  form  of  pyrometer 
for  measuring  high  temperatures  is  shown  in  Fig.  20;  in  its 


Pin.  !0 

design,  advantage  has  been  taken  of  the  fact  that  the  color 
of  the  filament  in  an  incandescent  electric  lamp  depends  on 
the  amount  of  current  flowing  through  it.  This  pyrometer, 
or  thermal  gauge,  consists  of  a  metal  tube  a,  blackened 
inside,  into  which  is  fitted  an  incandescent  lamp  b  whose 
filament  is  a  conical  helix,  as  shown  in  greater  detail  at  c. 
A  resistance  box  d  is  used  for  varying  the  amount  of  current 
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passing  through  the  lamp,  while  a  very  delicate  ammeter  e  is 
used  to  measure  the  current,  which  is  furnished  by  a  storage 
battery  /.  In  determining  the  temperature,  the  operator 
looks  through  the  tube  a  at  the  work  in  the  furnace,  varying 
the  resistance  of  the  lamp  circuit,  while  doing  so,  by  means 
of  the  rheostat  d  until  the  color  of  the  lamp  filament  is  of  the 
same  shade  as  that  of  the  work  examined.  When  the  filament 
is  hotter  than  the  work,  it  is  brightly  outlined  against  the 
latter;  but  when  the  filament  is  at  a  lower  temperature  than 
the  work,  it  appears  darker  than  the  latter.  When  the  fila- 
ment and  the  work  are  of  the  same  temperature,  they  are  of 
the  same  color  and  the  filament  then  becomes  invisible. 
The  amount  of  current  passing  through  the  lamp,  as  meas- 
ured by  the  ammeter  e,  then  serves  to  indicate  the  tempera- 
ture of  the  work;  the  temperature  readings  corresponding 
to  the  current  readings  of  the  ammeter  are  obtained  by 
means  of  a  chart  or  table,  or  the  ammeter  may  be  provided 
with  a  special  scale  giving  temperature  readings  directly. 
This  instrument  may  not  only  be  used  for  measuring  tem- 
peratures in  the  manner  indicated,  but  it  may  be  used  for 
observing  the  time  at  which  a  piece  of  work  arrives  at  a 
desired  temperature.  It  is  also  possible  to  use  it  in  meas- 
uring the  temperature  of  different  parts  of  the  same  furnace, 
the  tube  simply  being  turned  toward  that  part  of  the  furnace 
which  is  to  be  examined.  The  resistance  in  the  circuit  is 
then  varied  until  the  filament  and  the  work  correspond  in 
color,  when  the  ammeter  reading  will  indicate  the  tempera- 
ture, as  explained  above. 
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TREATMENT  OF  LOW-CARBON 
STEEL 


PROPERTIES  AND  MANUFACTURE  OF 
LOW- CARBON  STEEL 

1,  Properties  of  Lovr-Carbon  Steel. — What  is  com- 
monly known  as  lovr-carbon,  or  mercbaut,  steel  gener- 
ally contains  from  ,1  to  .5  per  cent,  of  carbon,  although  it 
sometimes  contains  as  high  as  .75  per  cent.  It  is  used  in 
the  construction  of  machinery,  the  structural  work  in  build- 
ings, in  ship  building,  bridge  building,  railroad  work,  etc. 
Phosphorus  or  sulphur  should  not  exceed  .1  per  cent,  in  for- 
gings.  Phosphorus  makes  steel  brittle  when  cold;  that  is, 
fold  etaoFt.  Sulphur  makes  steel  brittle  when  hot;  that  is, 
hot  short.  Most  low-carbon  steels  contain  a  very  small 
amount  of  manganese,  but  the  quantity  of  this  element  is  so 
small  that  it  has  practically  no  efiEect  on  the  properties  of  the 
steel.  A  good  quality  of  low-carbon  steel  containing  only 
.1  per  cent,  of  carbon  can  be  forged  very  much  like  wrought 
iron.  Such  steel  is  soft,  ductile,  and  malleable.  It  can  be 
welded  in  small  pieces,  but  it  cannot  be  used  to  build  up 
large  forgings  by  welding,  as  is  done  with  wrought  iron. 
Its  strength,  in  tension,  is  usually  less  than  60,000  pounds 
per  square  inch,  but  it  increases,  though  the  ductility 
decreases,  as  the  percentage  of  carbon  is  increased.  The 
higher  the  percentage  of  carbon  the  harder  is  the  steel,  both 
when  hot  and  when  cold,  and  hence  high-carbon  steels 
require  heavier  blows  for  producing  a  given  eilfect  in  forging. 

Low-carbon  steels  may  be  subjected  to  various  treatments 
to  impart  certain  desired  qualities  to  them.     They  may  be 

Ctpyrithtrd  by  ftUtnalioHal  Tixliuok  Comfaay.    litlf/d  at  Slaliotuis'  Hall.  London 
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annealed  to  make  them  soft  and  to  relieve  internal  stresses; 
they  may  be  'oil-treated,  or  oil-tempered,  to  make  them 
tough  and  increase  their  strength,  or  they  may  be  case- 
hardened  to  give  them  hard  surfaces. 

2.  Mannfactui'e  of  Low-Carbon  Steel. — Low-carbon 
steel  may  be  made  by  the  crucible  process,  the  Bessemer 
process,  or  the  opeo-hearth  process.  The  process  used  will, 
to  a  large  extent,  determine  the  percentage  of  impurities  it 
contains;  and  generally  the  presence  or  absence  of  other 
elements  than  carbon  determines  the  fitness  of  any  given 
steel  for  different  classes  of  work. 

In  the  Bessemer  process  molten  iron  containing  a 
considerable  amount  of  carbon  and  silicon  is  placed  in  a 
converterj  this  is  a  round  pear-shaped  vessel  with  an  open- 
ing in  the  top  at  a.  Fig.  1,  and  supported  on  trunnions  b,  b', 
so  that  it  can  be  rotated.  The  converter  is  partially  turned 
on  its  side  and  the  charge  of  molten  iron  poured  into  it; 
compressed  air  is  then  admitted  through  the  trunnion  b, 
which  acts  as  a  valve,  as  the  converter  swings  to  its  upright 
position.  This  air  passes  to  the  bottom  d  of  the  converter 
through  the  pipe  c,  and  up  through  the  holes  e  in  the  lining. 
it  rushes  through  the  molten  metal  and  burns  out  the  carbon 
and  silicon.  The  air  pressure  must  be  sufficient  to  prevent 
the  steel  from  flowing  through  the  openings  e  into  the 
bottom  of  the  converter.  Theoretically,  the  carbon  can  be 
burned  out  to  any  desired  point  and  the  operation  stopped, 
thus  producing  steel  containing  the  desired  percentage  of 
carbon;  in  practice,  however,  it  is  found  exceedingly  diflBcult 
to  stop  the  work  at  this  point.  Hence,  all  the  carbon  is 
burned  out  and  then  the  desired  amount  is  added  by  putting 
in  an  iron  high  in  carbon. 

In  this  method,  silicon,  which  is  one  of  the  acid  elements,  is 
burned  out;  hence,  this  process  is  known  as  the  acid  Bessemer 
process.  It  is  the  one  generally  used,  especially  in  the  north- 
em  and  central  portions  of  the  United  States,  because  most 
of  the  pig  iron  in  this  region  is  free  from  phosphorus  and 
high  in  silicon.     Phosphorus  cannot  be  burned  out  in  the 
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acid  Bessemer  process,  hence,  the  pig  iron  must  tie  low  in 
phosphorus  if  steel  is  to  be  made  Erom  it  by  this  process. 
Bessemer  steel  is  also  made  by  what  is  known  as  the  basic 
Bessemer  process.  In  it  silicon  cannot  be  burned  out  to  any 
great  extent,  and  hence  iron  low  in  silicon  must  be  used.  It 
may,  however,  contain  a  greater  percentage  of  phosphorus, 
as  some  of  this  is  burned  out.  The  converter  must  be 
provided  with   different   linings   for   these   two   processes. 


Bessemer  steel  can  be  made  with  any  required  percentage  of 
carbon.  The  greatest  value  of  the  Bessemer  process,  how- 
ever, is  due  to  the  fact  that  steel  can  be  made  by  them  at  less 
cost  than  by  any  other  process,  and  it  is  therefore  used 
largely  for  making  steel  rails,  structural  shapes,  etc.;  also, 
for  steel  forgings,  especially  those  of  moderate  size. 
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3.  Open- Hear  til  Process  ot  HaktiiK  Steel. — In  the 
Bessemer  process,  the  steel  is  made  from  pig  iron,  but  in 
the  open-beartli  process  a  large  portion  of  the  charge  is 
scrap  steel  that  has  already  been  purified.  In  the  Bessemer 
process,  air  is  blown  through  the  melted  iron  to  bum  out  the 
carbon,  but  in  the  open-hearth  process  the  carbon  is  removed 
by  a  flame  burning  against  the  surface  of  the  melted  iron. 
The  open-hearth  process,  therefore,  requires  a  large  surface 
cf  metal  with  but  little  depth  and  takes  its  name  from  the 
style  of  furnace  in  which  the  steel  is  made.  An  open-hearih 
furnace  is  shown  in  Fig,  2,  The  iron  is  heated  in  the  hearth, 
or  basin  a,  and  the  air  and  gas  enter  s::d  the  burned  gases 


escape  through  flues  b  and  c  The  chambers  </,  rf',  andf,ir' 
are  nearly  filled  with  firebrick  or  thin  tile  checkerwork  con- 
taining wide  open  spaces.  When  the  process  is  completed, 
the  metal  is  drawn  from  the  hearth  through  a  spout  at/.  In 
some  furnaces  of  recent  design,  the  hearth  a  is  arranged  so 
that  it  can  be  tilted  toward  the  spout  for  the  purpose  of  pour- 
ing the  steel,  the  ends  being  stationary,  as  in  the  furnace 
shown  in  Fig.  2. 

'  The  furnace  is  sometimes  started  by  melting  pig  iron  on  the 
hearth  and  sometimes  by  using  melted  iron  just  as  it  comes 
from  the  blast  furnace.  Air  is  admitted  through  the  checker- 
work  e,  and  the  gas  is  admitted  through  the  checkerwork  ^•■ 
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the  air  and  gas  mix  and  barn  at  b.  The  flame  is  directed 
downwards  so  that  it  strikes  the  surface  of  the  metal  in  the 
hearth,  causing  it  to  be  heated  to  a  very  high  temperature. 
The  burned  gas  passes  out  at  c,  through  the  chambers  d,  d', 
heating  them  as  it  passes  to  the  chimney.  When  the  checker- 
work  in  d,d'  is  heated  sufficiently,  valves  that  control  the 
direction  of  flow  of  the  air  and  gas  are  changed  so  that  the 
air  enters  through  d  and  the  gas  through  d',  and  the  burned 
gases  pass  out  at  b,  heating  e  and  ^.  By  reversing  the  direc- 
tion of  flow  of  the  air  and  gas,  in  this  way,  about  every 
20  minutes,  the  checkerwork  can  be  heated  to  a  very  high 
temperature.  The  heat  taken  up  by  the  checkerwork  is  then 
given  up  to  the  entering  air  and  gas  when  the  direction  is 
reversed.  Because  of  this  heat,  the  temperature  of  the  flame 
is  greatly  increased;  such  a  furnace  is  called  a  regenera- 
tive open-hearth  furnace. 

During  the  process,  the  carbon  and  impurities  on  the  sur- 
face are  burned  out  as  the  molten  mass  is  rabbled,  that  is, 
worked  by  using  a  long  bar.  The  rabbling  brings  to  the 
surface  the  metal  in  the  bottom  of  the  bath  and  aids  in  pro- 
ducing a  uniform  mixture  of  desired  quality. 

tn  the  Bessemer  process,  it  is  impossible  to  take  samples 
of  the  charge  during  the  process  and  test  them;  but  in  the 
open-hearth  process,  the  charge  is  in  the  furnace  for  a  greater 
length  of  time,  and  samples  are  taken  from  time  to  time,  a 
quick  analysis  made,  and  the  necessary  changes  made  in  the 
treatment  to  produce  the  desired  quality.  In  this  way,  a 
steel  of  any  desired  composition  can  be  made  without  adding 
carbon,  which  is,  at  best,  a  somewhat  uncertain  method.  In 
the  open-hearth  furnace,  as  in  the  Bessemer  converter,  both 
acid  and  basic  processes  maybe  used,  the  process  depending 
on  the  elements  burned  out.  The  lining  must,  however,  be 
selected  to  suit  the  charging  material. 

Open-hearth  steel  is  generally  of  more  uniform  grade  and 
purer  than  Bessemer  steel,  but  the  furnace  and  regenerative 
stoves  are  expensive,  the  time  required  in  the  process  is 
greater,  and  the  expense  of  the  fuel,  flux,  and  other  charging 
materials  greatly  increases  the  cost  of  production,  so  that 


^aovGoOt^lc 


6  TREATMENT  OF  LOW-CARBON  STEEL       §60 

this  class  of  steel  is  always  more  expensive  than  Bessemer 
steel.  Open-hearth  steel,  however,  is  of  better  quality  and 
greater  strength  and  is  used  where  the  requirements  are  very 
exacting.  By  exercising  great  care  in  the  manufacture  of 
steel,  a  good  grade  of  steel  may  be  made  by  either  the 
Bessemer  or  the  open-hearth  process;  but  ordinarily  the 
higher  grades  are  made  only  by  the  open-hearth  process. 

4.  IrreKolnritlos  Occurring  in  Infirots. — The  steel 
as  it  comes  from  the  open-hearth  furnace  or  the  Bessemer 
converter  is  poured  into  a  large  ladle  and  then  into  iron 
ingot  molds.  The  surface  of  the  metal  is, 
of  course,  immediately  chilled,  and  solidifies; 
the  center,  however,  and  especially  the  upper 
part,  remains  molten  for  some  time.  As 
the  interior  gradually  cools,  the  sulphur  and 
other  impurities  are  driven  toward  the  cen- 
ter, or  to  the  part  that  cools  last.  The  metal 
also  shrinks  considerably  in  cooling,  and  this 
usually  results  in  a  shrink  hole  of  varying 
size,  filled  with  gas,  in  the  top  of  the  ingot, 
as  shown  at  a.  Fig.  3.  Sometimes  this 
shrink  hole  extends  more  than  half  way 
down  the  ingot;  this  is  known  as  piping. 
The  piped  ingot,  if  drawn  down  into  a 
forging,  will  have  a  flaw  running  through 
'"'  its  center,  the  length  of  the  flaw  correspond- 

ing to  the  length  of  the  piping  in  the  ingot.  As  the  gas 
from  the  interior  cannot  escape  except  by  passing  through 
the  solidified  surface  of  the  metal,  the  hole  in  the  finished 
forging  will  have  approximately  the  same  volume  as  the 
pipe  in  the  original  ingot.  Where  large,  high-grade  forgings 
are  required,  it  is  necessary  to  make  a  large  ingot,  and  then 
cut  off  the  upper  portion,  which  contains  the  greater  part  of 
the  impurities,  and  any  piping  that  may  have  taken  place.  It 
is  possible  to  produce  ingots  in  which  this  piping  effect  is 
comparatively  small,  but  for  important  forgings  it  is  never 
wise  to  use  the  upper  portion  of  the  ingot. 
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5.  Fluid  Compression  of  Steel. — In  the  case  of  very 
laree  ingots,  the  tluid-compression  process  has  been  used 
successfully  to  prevent  piping.  In  this  process,  the  ingot 
mold  is  placed  under  a  large  press  and  great  pressure  is 
brought  to  bear  on  the  top  of  the  ingot.  This  great  pres- 
sure prevents,  to  a  large  extent,  the  separation  of  the 
sulphur  and  other  injurious  elements  from  the  steel,  and 
hence  prevents  their  collecting  at  the  center  and  also  reduces 
the  piping  to  the  least  possible  amount. 

6.  Use  of  Thermit  to  Prevent  Piping. — If  powdered 
aluminum  and  oxide  of  iron  are  mixed  in 

certain  proportions  and  ignited,  they  will 
bum,  producing  a  very  great  heat,  the  prod- 
uct being  practically  pure  iron  or  very  low 
carbon  steel,  and  oxide  of  aluminum  as  a 
slag.  The  mixture  of  powdered  aluminum 
and  oxide  of  iron,  which  is  called  thermit, 
has  been  used  to  reduce  piping  in  ingots. 
The  ingot  is  allowed  to  cool  until  the  lower 
part  of  it  is  solid,  but  the  upper  crust  is  still 
in  such  a  condition  that  it  can  be  broken. 
The  upper  crust  is  then  broken  with  a  heavy 
bar  and  a  can  of  thermit  introduced,  as  shown 
at  a.  Fig.  4.  The  burning  of  this  thermit 
raises  the  temperature  of  the  upper  part  of 
the  ingot  and  makes  the  steel  sufficiently 
fluid  for  the  gases  to  escape  easily.    A  small  _ 

amount  of  hot  steel  is  then  added  to  fill  the  ^^-^ 

space  that  would  ordinarily  be  taken  up  by  the  piping.  The 
result  is  that  when  the  ingot  is  cool  it  will  be  found  to  con- 
tain only  a  few  small  holes  near  the  top;  in  other  words,  the 
piping  effect  is  reduced  to  a  very  small  amount. 

7.  Nickel  Steel. — Nickel  has  been  alloyed  with  steels 
of  almost  all  percentages  of  carbon,  but  its  special  advan- 
tage seems  to  be  in  low-carbon  sleel  that  contains  between 
3  and  4  per  cent,  of  nickel.  Nickel  is  a  metal  that  in 
many   of    its    properties    is   very   similar   to   iron,   and   it 
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seems  to  form  a  perfect  alloy  with  iron  in  practically  all 
proportions. 

Nickel  steel  is  a  very  close-grained,  tough  material  of 
great  strength;  like  all  steel,  however,  it  requires  careful 
treatment  to  obtain  the  best  results.  Its  tensile  strength 
and  resistance  ,  to  wear  are  remarkably  high.  It  is  more 
expensive  than  ordinary  low-carbon  steel;  its  greater  cost  is, 
however,  not  due  to  the  nickel  that  it  contains,  but  to  the 
very  large  amount  of  extra  work  required  to  bring  it  to  its 
best  condition.  Such  parts  as  crankpins  for  locomotives,  gun 
barrels  to  be  used  with  high-power  explosives,  piston  rods 
and  connecting-rods  for  high-speed  engines,  especially  when 
of  large  size,  and  many  other  pieces,  are  made  from  nickel 
steel  on  account  of  its  toughness  and  its  great  strength. 
A  good  forging  cannot,  however,  be  made  from  a  nickel-steel 
ingot  by  the  ordinary  forge  and  hammer  used  for  low-carbon 
steel,  without  subsequent  annealing  or  heat  treatment.  The 
heat  treatment,  which  consists  of  annealing,  oil  tempering, 
and  reannealing,  brings  out  the  good  qualities  of  nickel  steel. 

It  is  claimed  that  3  per  cent,  of  nickel  alloyed  with  an 
open-hearth  steel  containing  .25  per  cent,  carbon  produces 
a  metal  equal  in  tensile  strength  and  ductility  to  a  carbon 
steel  of  .45  per  cent,  carbon.  The  influence  of  nickel  on  the 
elasticity  and  strength  of  steel  increases  with  the  percentage 
of  carbon  present,  high-carbon  nickel  steels  showing  a 
greater  increase  than  low-carbon  steels. 

8.  Effect  of  Heating  on  Low-Carbon  Steel. — When 
steel  is  cast  into  ingots,  it  begins  to  crystallize  the  raontent 
the  molten  mass  begins  to  solidify;  and  the  more  slowly  it 
cools  the  coarser  is  the  crystallization.  At  a  temperature  of 
from  1,200°  F.  to  1,400°  P.,  the  cooling  is  momentarily 
arrested,  and  in  some  cases  the  steel  actually  becomes  hotter 
and  shows  a  visible  brightening.  At  this  point,  which  is 
known  as  the  point  of  recalescence,  the  crystallization  seems 
to  be  interrupted  by  some  rearrangement  of  the  molecules  of 
the  steel.  If,  after  cooling  to  the  temperature  of  the  atmos- 
phere, the  steel  is  again  heated  to  a  point  below  the  point  of 
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recalescence  and  allowed  to  cool,  the  size  of  the  crystals  will 
not  be  affected,  but  if  the  steel  be  heated  slightly  above  the 
poiDt  of  recalesceoce,  all  previous  crystallization  is  destroyed 
and  the  steel  assumes  an  amorphous,  or  uncrystallized,  con- 
dition. If  it  be  again  cooled  from  a  point  slightly  above  the 
point  of  recalescence,  the  crystallization  will  be  much  finer 
and  the  steel  much  stronger.  The  point  of  recalescence  of 
steel  varies  with  the  amount  of  carbon  contained.  Ordinary 
low-carbon  steel  for  forging  purposes  contains  between  .25 
and  .5  per  cent,  carbon.  The  higher  the  percentage  of  carbon 
contained,  the  nearer  will  the  point  of  recalescence  approach 
1,200°  F.;  while  the  lower  the  percentage  of  carbon  con- 
tained, the  nearer  will  it  approach  1,400"  F. 


ANNEALING,   O I l^-TEM PEKING,   AND 

CASE-HARDENING 

ANNEAI.INO  IjOW-CARBON  STEBI. 

EFFECT    OF    ANNEALING 

9.  Annealing  has  a  double  object:  first,  to  effect  a 
change  in  the  size  of  the  crystals  of  the  steel;  and  second,  to 
remove  the  internal  stresses  due  to  forging  and  irregular 
cooling.  In  order  to  effect  a  change  in  the  character  of  the 
crystals  of  the  steel,  it  is  necessary  that  the  steel  be  heated 
above  the  point  of  recalescence  and  then  cooled  suddenly. 
In  order  to  remove  internal  stresses,  it  is  not  always  neces- 
sary to  heat  to  the  point  of  recalescence,  as  such  stresses  are 
frequently  due  to  a  partial  hardening  of  the  steel,  in  which 
case  the  heating  of  the  piece  to  from  800"  F.  to  900°  F.  will 
usually  cause  the  desired  change  in  structure.  The  forging 
temperature  for  low-carbon  steel  is  from  1,800"  F.  to  2,000"  F. 
When  the  steel  at  this  temperature  is  taken  from  the  furnace 
and  placed  under  the  hammer  or  forging  press,  it  immediately 
begins  to  cool  and  crystallize.  Working  on  the  piece  retards 
and  disturbs  this  crystallization;    and  as  the  work  usually 
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proceeds  from  one  end  of  the  piece  to  the  other,  the  result  is 
that  the  finished  forging  is  very  irregular  in  its  crystalliza- 
tion and  the  metal  is  subject  to  serious  stresses  whose  exact 
nature  is  unknown,  but  which  may  amount  to  several  thou- 
sand pounds  per  square  inch.  It  is  to  remove  the  stresses 
from  irregular  crystallization  that  forgings  should  be  annealed 
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by  heating  above  the  point  of  recalescence;  annealing  the 
forging  at  any  lower  temperature  will  not  effect  this  result. 
In  pieces  heated  to  the  point  of  recalescence  and  then  sud- 
denly cooled,  there  may  be  present  stresses  due  to  a  partial 
hardening  of  the  steel,  and  these  may  be  removed  by  reheat- 
ing to  a  lower  temperature. 
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AmtBALINO    STBEL    FOBGING8 

10.  Annealing  Furnaces. — For  annealing  large  pieces, 
specially  constnicted  furnaces  are  necessary,  as  the  tempera- 
ture must  be  controlled  very  carefully,  A  cross-section  of  a 
furnace  for  aunealing  large  shafts  is  shown  in  Fig.  5;  the 


shaft  is  supported  on  suitable  piers  b.  Wood  is  used  for 
heating  the  work.  Peep  holes  a  for  observing  the  tempera- 
ture of  the  work  are  provided  on  one  or  both  sides  of  the 
furnace.  The  top  of  the  furnace  is  covered  with  cast-iron 
bungs,  or  frames,  c,  lined  with  firebrick.     Openings  are  left 
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at  d  through  which  the  fire  can  be  observed,  or  fresh  fuel 
added.  These  furnaces  are  sometimes  more  that  100  feet 
long.  The  work  in  them  is  observed  very  closely  and  the 
temperature  maintained  at  exactly  the  required  point. 
Another  furnace  constructed  for  annealing;  long  work  is 
shown  in  Fig.  6.  In  this  case,  three  shafts  have  been  placed 
in  the  furnace,  and  are  supported  on  steel  bars,  as  shown. 
The  furnace  is  so  constructed  that  it  can  be  heated  with 
either  coal  or  wood,  or  with  both.  The  fire-doors  d  are 
placed  along  the  side  of  the  furnace,  permitting  the  fire  to 
be  made  at  any  point  or  all  along  the  furnace.  Peep  holes  a 
are  provided  for  observing  the  temperature  of  the  work,  and 
the  roof  or  top  of  the  furnace  is  closed  with  bungs  c. 


11.  Oll-IIeated  Annealing  Furniiee. — A  cross-section 
of  a  furnace  specially  constructed  for  annealing  large  links, 
or  eyebars,  is  shown  in  Fig,  7,  This  furnace  is  constructed 
entirely  below  the  floor  level,  with  the  exception  of  the 
arched  top  or  cover.  The  cover  is  made  in  sections,  so  that 
it  can  be  lifted  ofE,  and  is  lined  with  firebrick.  The  eyebars 
are  made  of  steel  and  have  a  large  eye  on  each  end. 
The  forging  of  these  ends  produces  internal  stresses  in  the 
pieces,  and  hence  the  whole  link  must  be  carefully  annealed. 
The  bars  a  are  placed  in  the  annealing  furnace  as  soon  as  the 
eyes  are  completed  and  while  they  are  still  hot.  The  sup- 
ports c  are  so  arranged  that  the  ends  of  the  bars  with  the 
eyes  overhang.     When  the  furnace  is  full  of  work,  the  covers 
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are  put  on  and  the  oil  burners  l>,  placed  at  regular  intervals 
along  the  entire  length  of  the  furnace,  are  lighted.  The  eye- 
bars  are  heated  to  a  medium  red  heat,  when  the  oil  is  shut  off 
and  the  furnace  allowed  to  cool  slowly  for  about  17  hours. 
The  covers  are  then  removed  and  the  work  taken  out. 


Oir.  TREATMENT  OP  LOW-CAKBON  STEEX, 

EFFECT    OF    OIL    TBBATHBNT 

12.  The  strength  of  steel  seems  to  depend  very  largely 
on  the  sizes  of  the  individual  crystals  thereof;  the  finer  the 
crystals  the  stronger  is  the  steel.  What  is  known  as  oll- 
temperlDg,  or  oil-treating,  is  frequently  resorted  to  in 
order  that  the  crystals  may  be  as  fine  as  possible.  This 
treatment  consists  in  heating  the  steel  to  a  point  slightly 
above  the  point  of  recalescence  and  then  plunging  it  into  a 
bath  of  oil.  This  preserves  the  amorphous  condition  of  the 
steel  that  results  from  heating  it  above  the  point  of  recales-. 
cence.  The  sudden  chilling  of  the  steel,  however,  results  in 
a  certain  degree  of  hardening,  and  hence  it  is  usually  neces- 
sary to  anneal  oil-tempered  forgings  or  to  draw  the  temper  by 
heating  them  carefully  to  from  800°  F.  to  900°  F.  With  high- 
carbon  steel  heating  to  such  temperatures  will  result  in  a 
thorough  softening  of  the  steel,  and  will  remove  all  traces 
of  hardness  without  producing  a  coarser  crystalline  structure 
in  the  steel.  When  an  extensive  line  of  tools  or  machinery 
is  to  be  manufactured  from  low-carbon  steel,  great  care 
should  be  taken  to  obtain  metal  of  a  uniform  character,  and 
to  determine,  by  experiment,  the  best  temperatures  for  treat- 
ing it.  In  the  case  of  very  large  forgings,  it  is  possible  to 
take  test  pieces  from  the  forging  and  analyze  and  test  them 
carefully,  but  in  the  case  of  small  work  it  is  impossible  to 
test  each  piece,  and  hence  the  necessity  for  always  using 
steel  of  uniform  composition.  For  oil-treating  small  forgings 
of  a  regular  shape,  special  cast-iron  chairs,  or  supporting 
frames,  may  be  made  to  support  a  number  of  pieces  while 


^aovGoOt^lc 


14         TREATMENT  OF  LOW-CARBON  STEEL       §60 


heating,  and  then  these  frames  with  the  pieces  ma;  be 
lowered  into  the  oil  bath  and  all  cooled  together.  Such  a 
method  as  this  effects  great  economy  in  handling. 

Sometimes  forgings  of 
low-carbon  steel  are  sub- 
mitted to  a  combined  oil 
tempering  and  annealing 
process,  which  consists  in 
heating  the  pieces  above 
the  point  of  recalescence, 
cooling  them  in  a  bath  of 
oil,  and  then  heating  them 
uniformly  to  a  dull  red, 
and  allowing  them  to  cool 
slowly  in  a  dry  place.  This 
is  practically  the  same  as  ■ 
the  oil  tempering,  except 
that  the  heat  is  frequently 
carried  to  a  dull  red,  or 
about  900°  F.  or  1,000°  F. 
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13.  on  Treatment 
of  Small  Work.— Small 
pieces  may  be  treated  by 
placing  a  number  in  a  cast- 
iron  tray  like  that  shown 

in   Fig.   8   and   heating   them   to    the   proper  temperature. 

They  are  then  taken  out  and  lowered  into  a  tank  of  oil  until 


nearly  cold,  btit  lifted  out  while  still  hot  enough  to  drain 
and  dry  quickly.  The  tray  shown  in  Fig.  8  is  26  inches 
square;  (a)  is  a  section,  and  (^)  a  plan  view.     The  bottom 
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of  the  tray  is  li  inches  thick,  and  has  144  holes,  li  inches  in 
diameter,  through  it.  There  is  a  heavy  lug  in  the  center, 
with  a  hole  to  receive  the  crane  hook  or  other  lifting  device. 
For  lifting  and  moving  the  cast-iron  trays  from  the  furnace, 
a  special  lifting  hook  of  the  form  shown  in  Fig.  9  may  he 
used.  The  cast-iron  box  or  tray  containing  the  work  is 
brought  from  the  furnace  with  the  lifting  hook  and  set  on  the 
floor  near  the  oil  tank.  A  crane  is  then  used  to  place  the  tray 
in  the  hath  of  oil.  

TEMPERATORES    FOR    TREATING    8TBEL 

14.  For  oil-treating,  the  steel  is  ordinarily  heated  between 
1,376°  F.  and  1,450°  P.;  the  exact  temperature  depending  on 
the  percentage  of  carbon  contained.  For  annealing  work,  it 
is  heated  to  from  1.200°  F.  to  1,270°  F.  For  forging  open- 
hearth  or  other  low-carbon  steel,  it  should  be  heated  to  from 
1,800°  F.  to  2,000°  F.  The  lower  the  percentage  of  carbon 
the  lower  is  the  temperature  required,  although  it  is  also  true 
that  low-carbon  steels  will  stand  higher  temperatures  than 
will  high-carbon  steel  without  being  injured. 

CASE-HAKDBNING 

PRINCIPLES    AND    APPLICATION 

15.  Theory  ol  Case-UardeninK. — Owing  to  the  fact 
that  the  percentage  of  carbon  in  low-carbon  steel  is  small,  it 
cannot  be  hardened  sufficiently  to  resist  any  considerable 
wear  unless  it  is  subjected  to  a  treatment  known  as  case- 
hardenlnf^.  The  process  adds  carbon  to  the  outer  surface 
of  soft,  or  low-carbon,  steel  or  wrought  iron,  thereby  con- 
verting it  into  high-carbon  steel,  which  may  be  hardened. 
When  heated  to  a  red  heat  while  in  contact  with  wood  or 
bone  charcoal,  ground  bone,  charred  leather,  or  other 
material  rich  in  carbon,  the  metal  absorbs  carbon  from  the 
material  in  which  it  is  packed  and  heated.  The  depth  to 
which  the  carbon  penetrates  depends  on  the  kind  of  packing 
used,  the  temperature  at  which  the  metal  is  kept,  and  the 
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length,  of  time  it  is  heated.  The  higher  the  temperature, 
the  more  rapid  is  the  absorption  of  carbon;  while  the  longer 
the  heat  is  maintained,  the  greater  is  the  depth  to  which  the 
carbon  penetrates.  The  absorption  of  carbon  produces  an 
onter  layer  or  surface  coating  of  high-carbon  steel  that 
becomes  hard  when  the  piece  is  cooled  suddenly,  thereby 
imparting  to  the  metal  the  desired  wear-resisting  quality 
while  retaining  the  toughness  of  the  soft  core  of  unchanged 
iron  or  low-carbon  steel.  Carbon  may  be  added  by  means 
of  the  bone-charcoal  process  or  by  the  cyanide  method,  the 
former  being  used  when  the  case-hardening  is  to  be  com- 
paratively deep,  while  the  latter  is  ordinarily  employed  when 
but  a  thin  film  of  hardened  steel  is  required,  or  when  localized 
case-hardening  is  necessary.  If  red-hot  steel  be  coated  with 
potassium  cyanide,  or  placed  in  contact  with  molten  cyanide, 
the  cyanide  is  decomposed,  the  carbon  contained  therein 
entering  the  steel  and  thus  case-hardening  it. 

16.     Packing  Materials   for   Case-HardenlnK- — The 

most  common  packing  materials  for  case-hardening  are 
ground  bone,  either  raw  or  charred,  charcoal,  charred 
leather,  or  charred  hoofs  and  horns.  Each  material  is 
especially  advantageous  for  some  purpose.  It  is  advisable, 
however,  to  use  packing  materials  containing  but  a  small 
percentage  of  elements  that  might  be  injurious  to  the  steel, 
as,  for  instance,  sulphur  and  phosphorus.  Raw  bone  will  not 
make  a. piece  of  work  as  tough  as  charred  bone. 

For  hardening  small,  delicate  work,  the  following  mixture 
has  been  recommended:  Equal  parts  of  bone  charcoal  and 
granulated  hardwood  charcoal  are  thoroughly  mixed  together, 
and  with  each  twenty  parts  of  this  mixture  is  thoroughly 
mixed  one  part  of  charred  leather. 

High,  quick  heats  will  not  leave  a  piece  of  case-hardened 
work  as  strong  as  it  would  be  if  a  lower  heat  had  been  used 
while  it  was  being  carbonized,  provided  that  in  all  cases  the 
heat  is  sufficiently  high  for  carbonization.  Extremely  high 
heats  should  be  avoided,  especially  when  the  work  is  taken 
from  the  case-hardening  boxes  and  quenched  immediately. 
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17.     Cyanide    Hardening    to    Resist   Wear. — Small 
pieces  of  steel  made  from  low-carbon  steel,  such  as  gun  and 
typewriter  parts,  are  frequently  given  a  hard  surface  to  resist 
wear  by  dipping  them  into  a  pot  of  molten  potassium  cyanide 
and  cooling  them  in  water.     Such  a  pot  may  be  heated  in 
an  ordinary  forge,  but  it  is  better  to  use  a  regular  cyanide- 
hardening  furnace;  such  a 
furnace,  made  for  use  with 
gas,  is  shown  in  Fig.  10.' 
The  cyanide   pot  a  is  lo- 
cated   in    the    furnace    b. 
which   is    heated    by   gas 
burners  c  on  each  side  of 
the   furnace.      The    holes 
closed  by  the  blocks  d,  d 
are   for   lighting   the    gas 
or  for  observing  the  tem- 
perature of  the  pot-     The 
hood  /  is  placed  over  the 
furnace  so  that  the  fumes 
will  be  carried  up  the 
chimney. 

-  The  pieces  to  be  hard- 
ened are  dipped  into  the 
cyanide  bath  and  left  until 
they  have  attained  the  tem- 
perature of  the  bath  and 
also  have  had  opportunity  , 
to  absorb  the  desired 
amount  of  carbon.  They 
are  then  removed  and  fic.  lo 

dipped  into  a  suitable  hardening  bath;  cold  water  is  generally 
employed  for  this  purpose.  If  too  hard,  the  temper  can  be 
drawn  just  as  in  the  case  of  ordinary  carbon  steel. 

As  potassium  cyanide  is  extremely  poisonous,  great  care 
must  be  taken  in  handling  it;  the  absorption  of  a  very  small 
quantity  through  cuts  in  the  hands  may  have  a  fatal  effect; 
in  fact,  lump  cyanide  should  be  handled  with  the  bare  hands 
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just  as  little  as  possible.  After  melting  the  cyanide,  care 
should  be  taken  not  to  inhale  the  fumes,  as  they  are 
extremely  poisonous,  and  not  to  allow  any  of  the  hot 
material  from  the  bath  to  be  thrown  or  splashed  on  the 
operator,  as  it  will  cause  serious  and  painful  bums. 

Gun  parts  that  require  a  mottled  blue  surface  that  will  be 
hard  enough  to  resist  wear  fairly  well  are  sometimes  case- 
hardened  by  placing  them  on  a  hook  on  the  end  of  a  steel 
rod  and  dipping  them  into  molten  potassium  cyanide  for 
about  2  minutes,  or  until  they  are  cherry  red.  They  are  then 
quenched  in  water,  giving  them  a  jerky,  up-and-down  motion, 
the  first  dip  carrying  them  barely  under  the  surface,  and  each 
succeeding  one  deeper.  This  results  in  an  irregular  cooling, 
accompanied  by  slight  oxidation  of  the  surface,  which  gives 
the  desired  mottled  effect.  The  cooling,  however,  should 
be  sufficiently  quick  and  uniform  to  prevent  setting  up  serious 
internal  stresses  in  the  metal. 

18.     Hardening    Tools    With    Potassium    Cyanide. 

As  a  rule,  dies,  cutting  tools,  engravers'  plates,  etc.  hardened 
in  potassium  cyanide  must  be  heated  somewhat  longer  than 
pieces  that  are  simply  hardened  to  obtain  a  surface  that  will 
resist  wear.  The  temperature  of  the  hardening  bath  is 
usually  from  1,650°  F.  to  1,830°  F.  Ordinarily,  from  3  to 
5  minutes  is  a  sufficient  length  of  time  to  leave  a  piece  in  the 
cyanide.  Some  classes  of  work  are  hardened  by  cooling  in 
lard  oil.  One  method  especially  useful  in  hardening  steel 
that  requires  a  fairly  hard  surface,  but  may  require  some 
straightening,  as,  for  instance,  plates  for  steel  engravings, 
is  to  heat  in  the  cyanide  and  then  cool  in  lard  oil  to  a  tem- 
perature of  about  52-")°  F.,  and  then  allow  the  piece  to  coot 
in  water.  This  treatment  will  case-harden  the  steel  quite 
thoroughly,  yet  will  leave  it  in  such  a  condition  that  it  can 
be  straightened. 

Potassium  cyanide  causes  the  steel  to  scale  when  it  is 
phinged  into  the  bath,  leaving  a  clean  surface,  so  that  the  steel 
hardens  very  quickly.  Because  of  its  scaling  effect,  potas- 
sium cyanide  is  not  considered  as  good  as  prussiate  of  potash 
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for  case-hardening  work  having  sharp  corners.  The  prus- 
siate  of  potash  forms  a  scale  that  does  not  allow  the  water 
to  act  as  quickly  as  it  otherwise  would,  thus  protecting  the 
steel  when  it  is  first  plunged  into  the  bath;  the  prussiate  of 
potash  forms  slight  deposits  in  corners  at  the  roots  of  teeth, 
and  thus  protects  them  from  the  first  influence  of  the  cooling 
bath.  Advantage  of  this  effect  is  taken  frequently  in  making 
slender  milling  cutters  from  low-carbon  steel.  This  method 
is  frequently  employed  also  in  hardening  pieces  of  high- 
carbon  steel,  since  the  prussiate  of  potash  protects  the 
comers  of  delicate  tools. 

19.  Jjocnllzed  Case- Hardenlnfj.— Frequently,  it  is 
desirable  to  harden  some  parts  of  an  object  and  leave  the 
balance  soft,  as,  for  instance,  to  harden  the  centers  at  the 
ends  of  an  arbor  or  a  cutter  bar;  this  may  be  accomplished 
by  heating  the  piece  to  a  dull  red,  applying  potassium  cyanide 
to  the  centers,  returning  the  work  to  the  fire,  heating  to  a 
red  heat,  and  then  cooling  in  water.  When  the  centers  are 
to  be  hardened,  it  is  best  to  take  the  piece  with  the  tongs 
and  plunge  it  into  the  bath  with  the  center  up,  but  with  a 
jet  of  water  from  a  tap  or  from  a  hose  to  play  on  the  upper 
end  of  the  arbor,  so  that  the  water  will  enter  the  center  and 
harden  it  throughout.  When  the  center  is  plunged  down, 
the  end  of  the  arbor  may  be  hardened  somewhat,  but  a  steam 
pocket  generally  forms  in  the  center  itself  and  prevents  its 
hardening  properly. 

Sometimes  carbon-steel  tools  are  heated  in  a  cyanide  bath 
before  hardening.  It  is  probable  that  the  cyanide  adds  very 
little  carbon  to  this  class  of  steel,  but  it  effectually  prevents 
the  decarbonizing  of  the  surface,  and  in  tjie  case  of  tools 
that  have  been  forged  or  subjected  to  heat  treatment  with- 
out subsequent  removal  of  the  surface  metal,  the  cyanide 
undoubtedly  serves  to  recarbonize  the  surface  steel  that  has 
lost  some  of  its  carbon  in  the  previous  operations.  This  is 
especially  tiue  in  the  case  of  such  tools  as  scrapers. 


^aovGoOt^lc 


20         TREATMENT  OF  LOW-CARBON  STEEL       §60 

CASE-HARD BN I NG    WORK    WITHOUT    COLORS 

20.  Hardening  Small  Work. — When  it  is  desired  to 
produce  a  hard  surface  on  the  work,  rather  than  a  mottled 
appearance  or  certain  special  colors,  the  following  proce- 
dure is  all  that  is  necessary;  The  work  should  be  packed 
in  granulated  raw  bone  in  suitable  boxes,  first  placing  in  the 
bottom  of  the  box  a  layer  of  bone  at  least  two-thirds  as  thick 
as  the  work.  For  instance,  for  screws  i  inch  in  diameter 
and  smaller,  a  i-inch  layer  of  granulated  bone  should  be 
put  in  the  bottom  of  the  box,  and  on  this  alternate  layers 
of  the  work  and  bone,  care  being  taken  that  no  two  pieces 
touch  each  other  and  that  none  comes  within  i  inch  of 
the  sides  of  the  box.  When  the  box  is  filled  to  within 
Ij  inches  of  the  top,  it  should  be  given  a  thin  layer  of  raw 
bone,  and  the  balance  of  the  space  filled  with  bone  that  has 
been  used;  the  cover  should  then  be  put  on  and  luted  with 
clay.  After  the  luting  has  had  time  to  dry,  the  box  should 
be  put  into  a  furnace  and  heated  for  from  3  to  4  hours,  for 
work  of  the  size  mentioned,  provided  that  it  is  packed  in 
moderately  small  boxes,  as,  for  instance,  boxes  measuring 
4  in.  X  4  in.  X  8  in,  on  the  inside. 

In  heating  any  work  for  case-hardening,  it  is  necessary  to 
use  a  box  proportioned  to  the  size  of  the  work,  for  if  very 
small  work  is  packed  in  a  large  box,  it  will  take  several  hours 
for  the  heat  to  penetrate  to  the  center  of  the  box;  and  as  a 
consequence  the  work  around  the  outside  of  the  box  may  be 
case-hardened  very  deeply,  while  that  in  the  center  has  had 
practically  no  opportunity  to  absorb  carbon,  and  hence  will 
be  soft.  If  it  is  necessary  to  pack  small  work  in  a  large 
box,  it  should  be*  placed  around  the  outside  of  the  box  and  a 
layer  of  bone  put  between  the  work  and  the  walls  of  the  box, 
and  then  several  rows  of  the  work  surrounded  by  raw  bone, 
the  center  of  the  box  being  filled  with  spent  or  old  bone. 

After  the  box  has  been  heated  a  sufficient  length  of  time, 
the  entire  contents  may  be  thrown  into  clear,  cold,  soft 
water.  Delicate  pieces  should  be  dropped  into  oil.  The 
tank  into  which  the  work  is  thrown  should  be  of  sufficient 
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depth  to  insure  the  thorough  cooliog  of  the  work  before  it 
reaches  the  bottom. 

21.     Case -Hardening:   IJarge   or  Heavj-   Work. — To 

case-harden  pieces  of  steel  3  inches  or  more  in  diameter  or 
thickness,  the  work  should  be  surrounded  by  at  least  li  to  3 
inches  of  raw  bone  and  heated  to  a  bright  orange  for  18 
hours;  it  should  then  be  plunged  into  cold,  running  water  or 
into  salt  water.  Large  work  of  this  kind  is  usually  removed 
from  the  packing  box  and  plunged  separately,  while  in  the 
case  of  small  work  the  entire  contents  of  the  box  are  dumped 
into  the  hardening  bath.  When  an  extra  depth  of  case- 
hardening  is  required,  the  pieces  may. be  heated,  as  already 
mentioned,  and  allowed  to  cool  in  the  box;  they  should  then 
be  removed,  repacked  in  fresh  bone,  and  heated  again  as 
before,  and  then  plunged  into  cold  water. 

When  a  fine-grained,  hard  surface  is  required,  the  work 
is  sometimes  carbonized  and  allowed  to  cool  in  the  packing 
box.  It  is  then  reheated  carefully  to  the  lowest  temperature 
at  which  it  will  harden  properly  when  plunged  into  the  cool- 
ing bath.  This  has  the  effect  of  refining  the  steel,  as  in  the 
case  of  high-carbon  steel.  The  temperature  at  which  the 
steel  absorbs  carbon  in  the  case-hardening  box  is  usually 
well  above  the  teinperature  at  which  the  carbonized  steel 
should  he  hardened.  If  the  steel  is  hardened  at  the  temper- 
ature at  which  it  is  carbonized,  the  surface  will  have  a  rather 
coarse  crystalline  structure;  hence,  it  must  be  reheated  to 
obtain  a  fine-grained,  hard  surface. 

Special  care  is  required  in  packing  and  case-hardening 
large,  flat  pieces  to  prevent  their  warping.  Disks  2  feet  in 
diameter  and  4  inches  thick  should  be  packed  in  round  boxes 
that  hold  one  disk  each.  The  work  should  be  placed,  flat 
side  down,  on  a  carefully  leveled  bed  of  4  or  5  inches  of 
the  best  granulated  bone,  and  should  have  at  least  4  inches 
of  the  bone  packed  on  top  and  around  it.  Some  steel 
workers  prefer  to  place  a  thin  layer  of  charred  leather  next 
to  the  work  to  prevent  scaling,  but  this  is  not  necessary. 
After  packing,  the  cover  should  he  luted  on,  and  the  box 
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heated  to  a  cherry  red  for  from  8  to  10  hours  from  the  time 
the  box  is  thoroughly  heated  through.  After  the  box  has 
been  removed  from  the  furnace,  the  pieces  should  be  taken 
out  and  placed  edgewise  in  the  hardening  bath;  this  bath 
should  be  targe  enough  to  chill  the  work  quickly  and  should 
be  provided  with  a  supply  of  flowing  water.  In  hardening 
large,  flat  pieces,  there  are  four  points  to  be  observed:  first, 
plenty  of  bone  should  be  used;  second,  the  pieces  should 
be  healed  to  a  bright  cherry  red;  third,  the  pieces  should  be 
dipped  edgewise  into  the  cooling  bath;  and  fourth,  plenty  of 
water  should  be  used  and  the  water  should  be  kept  agitated. 

22.  I'rodiK-tlon  of  Soft  Spots  In  Case-HanlenliiK 
Work.  —  Frequently,  case-hardened  pieces  of  work  have 
openings  ox  projections  that  must  be  left  soft  for  riveting, 
drilling,  or  for  other  operations.  When  this  is  the  case, 
the  work  may  be  packed  in  the  ordinary  manner,  heated  foe 
the  proper  length  of  time,  and  allowed  to  remain  in  the 
boxes  until  cool,  as  would  be  done  in  annealing.  When 
the  work  is  removed  from  the  boxes,  its  surface  will  be 
soft,  though  somewhat  carbonized,  the  depth  of  carboniza- 
tion depending  on  the  time  the  steel  remained  in  the  fur- 
nace. The  parts  to  be  left  soft  must  then  have  the  outer 
surface  removed  by  machining  or  fiiing,  thus  removing 
the  portion  of  the  steel  containing  carbon,  and  exposing  the 
low-carbon  steel  which  will  not  harden  under  subsequent 
treatment.  The  work  should  then  be  heated  to  the  proper 
hardening  temperature,  and  plunged  into  water,  as  in  harden- 
ing tool  steel.  On  removing  the  work  from  the  bath,  it 
will  be  found  that  the  outer  surfaces  containing  the  carbon 
have  been  hardened,  while  portions  from  which  the  carbon- 
ized outer  surfaces  were  removed  are  soft  and  can  be 
riveted  or  operated  on  in  any  manner  desired.  The  same 
results  may  be  obtained  by  covering  the  parts  to  be  left  soft 
with  a  coatint:  of  asbestos  or  fireclay  before  the  steel  is 
subjected  to  the  carbonization  process. 

The  case-hardening  effect  may  also  be  localized  by  first 
either  copper-  or  nickel-plating  the  work,  and  then  removing 
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the  copper  or  nickel  from  the  portions  to  be  hardened  and 
leaving  the  plating  on  the  portions  that  are  to  be  soft,  the 
plating  serving  to  prevent  the  carbon  from  entering  the 
steel  where  it  is  to  be  soft.  The  pieces  are  then  packed  in 
boxes  and  heated  in  the  ordinary  manner,  and  when  plunged 
it  will  be  fonnd  that  the  exposed  parts  are  hard,  while  all 
parts  protected  by  the  plating  are  soft  and  can  be  machined 
as  easily  as  before  subjection  to  the  case-hardening  process. 

23.  Prodnctton  of  Hard  Spots  !□  Work. — If,  when 

work  is  packed  in  any  material  for  case-hardening,  it  is 
desired  to  make  some  spot  extremely  hard,  a  small  piece 
of  potassium  cyanide  or  prussiate  of  potash  may  be  put  on 
that  spot  when  packing  the  piece  in  the  bone.  It  is  well 
to  have  a  small  iron  spoon  for  handling  the  cyanide  for  this 
purpose. 

24.  Use  of  Old  Bone. — After  emptying  the  case-hard- 
ening pots  into  the  cooling  bath,  the  bone  may  be  separated 
from  the  work  and  thoroughly  dried.  As  long  as  it  is  black 
after  use,  it  still  contains  carbon,  and  hence  can  be  used 
again,  though  it  is  best  to  mix  the  old  bone  with  some  new. 
About  one  part  of  new  bone  to  two  parts  of  old  is  a  common 
mixture;  as  the  new  granulated  bone  is  white,  and  the  old, 
partly  burned  bone  is  black,  the  mixture  of  the  two  will  result 
in  a  gray  color.  For  small  work,  a  dull  gray,  that  is,  two  or 
three  parts  of  old  bone  to  one  of  raw  bone,  may  be  used. 
For  larger  work,  a  light  gray  should  be  used,  sometimes 
containing  equal  parts  of  old  and  new  bone,  and  sometimes 
less  than  half  old  bone.  A  little  experience  will  indicate  the 
proper  proportion  of  old  and  new  bone  to  use  for  this  work. 
Constant  burning  will  finally  reduce  the  bone  to  a  white  ash 
that  is  valueless  for  case-hardening.  As  a  rule,  the  bone  is 
used  until  it  begins  to  look  gray,  then  it  is  discarded  for  case- 
hardening,  but  is  used  for  packing  work  for  annealing;  the  very 
small  amount  of  carbon  it  contains  will  prevent  steel  from 
being  decarbonized  during  the  annealing  process.  Some- 
times bone  that  has  been  entirely  spent,  that  is,  burned 
white,  is  used  for  packing  work  for  annealing. 
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25.  Telltales,  or  Indicators. — To  judg:e  the  condi- 
tion inside  of  the  case-hardening  or  annealing  box,  tell- 
tales, or  Indicators,  are  often  used.  These  are  pieces 
,of  wire  introduced  through  holes  drilled  in  the  top  of  the 
box  and  allowed  to  extend  through  the  bone,  between  the 
work,  clear  to  the  bottom  of  the  box.  These  pieces  of  wire 
should  project  from  the  top  an  inch  or  so,  and  when  the  box 
has  been  in  the  furnace  some  time  one  piece  is  withdrawn, 
and  if  it  shows  a  uniform  red  throughout,  the  work  is 
timed  from  this  point.  If  the  middle  of  the  wire  is  still 
black  or  dull  red,  another  is  drawn  later,  and  this  operation 
is  repeated  until  the  interior  of  the  box  is  found  to  be  of  the 
desired  color.  After  having  tested  the  different- sized  boxes 
in  this  way  a  few  times,  the  operator  will  be  able  to  judge 
the  time  correctly.  Sometimes  the  telltale  is  used  also  to 
judge  the  depth  of  case-hardening;  in  such  a  case  it  should 
be  a  rod  about  i  inch  in  diameter  and  made  of  the  same  kind 
of  steel  that  is  to  be  case-hardened.  The  rod  should  be 
withdrawn  quickly,  quenched  in  water,  and  then  broken 
to  observe  the  depth  to  which  the  work  has  been  hardened. 


CASK-HARDENING    FOR    COLOR 

26.  Packing  Work  to  Obtain  Colors.— By  case-hard- 
ening, a  beautiful  mottled  appearance  may  be  obtained  on 
the  work.  To  obtain  this  mottled  effect,  the  work  must  be 
packed  in  material  absolutely  free  from  grease  or  oil.  The 
work  itself  must  also  be  free  from  grease  or  oil.  To  char 
the  bone  for  removing  the  grease,  it  may  be  put  into  boxes 
say  9  in.  X  9  in,  X  36  in.,  covered,  and  placed  in  the  furnace 
at  night  after  the  work  is  withdrawn.  The  heat  remaining, 
in  the  furnace  will  be  sufficient  to  char  the  bone  during  the 
night.  If  there  is  much  ,fire  left,  it  will  be  necessary  to 
draw  part  of  it,  as  the  object  is  simply  to  char  the  bone, 
but  not  to  burn  it,  thereby  eliminating  all  grease.  If 
small  boxes  are  used,  they  must  be  watched  so  that  they 
may  be  removed  from  the  furnace  just  when  the  bone  is  all 
charred. 
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After  a  supply  of  charred  bone  or  charred  leather  has  been 
provided,  the  work  should  be  packed  in  boxes,  using  this 
material  just  as  the  raw  bone  is  used  for  packing  ordinary 
work.  The  work  should  then  be  brought  to  a  red  heat  and 
held  there  for  from  2  to  4  hours.  To  get  a  good  color,  the 
heat  must  be  held  uniform;  if  the  work  is  heated  too  hot 
there  will  be  no  color.  A  cherry-red  heat  gives  good  results, 
although  with  small  work  a  somewhat  lower  temperature 
may  give  the  desired  results.  In  packing  work  to  obtain 
colors,  various  mixtures  of  packing  material  are  frequently 
used,  as,  for  instance,  charred  bone  and  wood  charcoal. 
Sometimes  charred  leather  is  mixed  with  one  or  both  of 
the  above  ingredients.  When  case-hardening  for  color,  no 
attempt  is  made  usually  to  harden  the  work  to  any  great 
depth,  the  requirements  being  a  hard  but  thin  surface  and  a 
good  color, 

27.  Cooling  Work  to  Obtalu  Colors. — While  good 
colors  are  sometimes  obtained  by  quenching  in  rather  hard 
water,  it  is  nevertheless  best  to  use  soft  water.  Some  pro- 
vision should  be  made  for  circulating  the  water  in  the  bath; 
this  is  usually  accomplished  by  arranging  the  inlet  pipe  so 
that  the  water  will  be  discharged  upwards  from  the  bottom 
of  the  tank  in  a  series  of  jets.  The  inlet  pipe  may  also  be 
arranged  so  that  the  water  wii!  enter  the  bath  at  the  bottom, 
where  it  is  mixed  with  compressed  air,  which  escapes 
upwards  in  a  series  of  bubbles.  A  sieve  or  grating  should  be 
hung  at  such  a  distance  from  the  top  of  the  bath  that  the  work 
will  be  thoroughly  chilled  before  it  comes  to  rest  on  it,  and 
the  meshes  of  the  sieve  should  be  large  enough  to  allow  the 
burnt  bone  to  pass  to  the  bottom  of  the  tank.  It  is  abso- 
lutely necessary  to  have  running  water  in  the  tank  if  large 
amounts  of  work  are  to  be  thrown  into  it.  After  the  work 
has  been  thoroughly  heated,  the  box  is  brought  from  the 
furnace  to  the  bath,  the  cover  removed,  the  box  held  close 
to  the  surface  of  the  water,  and  the  work  poured  in.  This 
operation  must  be  performed  quickly  and  carefully  to  pre- 
vent the  air  from  acting  on  the  steel  before  it  reaches  the 
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water.  At  the  same  time,  with  large  boxes  of  work,  care 
must  be  taken  not  to  dump  in  the  material  as  a  solid  mass, 
for,  under  such  circumstances,  much  of  the  work  would  reach 
the  sieve  without  beins  chilled,  and  hence  would  not  be 
hardened  to  the  desired  degree. 

28.  CleaniuK  Work. — The  work  is  removed  from  the 
hardening  bath  by  lifting  out  the  sieve,  or  grating,  on  which 
it  falls.  It  should  then  be  dipped  into  clean  boiling  water, 
after  which  it  can  be  dried  in  sawdust.  It  should  then  be 
given  a  light  coat  of  oil  to  bring  out  the  colors  and  to  pre- 
vent it  from  tarnishing. 

29.  Protlucluf;  Temper  Colors  on  Case-Hardened 
Work. — In  producing  temper  colors  on  case-hardened  work, 
the  pieces  are  first  case-hardened  and  then  rolled  in  a 
tumbling  barrel  with  leather  scraps  or  other  polishing  mate- 
rial until  the  surface  is  polished  to  the  desired  degree;  the 
pieces  may  then  be  heated  in  a  sand  bath  or  in  a  tumbling- 
barrel  furnace  for  drawing  the  temper  until  the  desired  color 
appears.  The  work  is  then  plunged  into  cold  water,  dried  in 
sawdust,  and  oiled  slightly  to  avoid  tarnishing.  By  doing 
the  work  in  a  gas-fired  tumbling-barrel  furnace  or  in  a 
gas-fired  air  tempering  furnace  and  noting  the  exact  time 
required,  the  desired  color  can  be  obtained  with  great  exact- 
ness, it  being  an  easy  matter  to  produce  any  color  from  a 
light  straw  to  a  deep  blue.  The  blue  pieces  will  be  some- 
what softer  than  the  straw-colored  ones.  Sometimes  the 
pieces  are  placed  in  a  revolving  wire  cylinder  over  a  slow 
fire;  this  permits  the  color  of  the  work  to  be  observed  at  any 
time.  The  fire  used  for  heating  the  work  must,  of  course, 
be  free  from  sulphur  or  anything  that  will  give  ofiE  gases  that 
will  stain  the  work.  ____^_ 

UASE-nARDENlNO    EQDIPfttENT 

30.  Case-HardeuInK  Boxes. — The  boxes,  or  pots,  used 

in  case-hardening  work  are  generally  of  cast  iron,  and  are  of 
various  forms  and  sizes.  Fig.  11  shows  several  boxes  of 
very   good   design,   especially  for   small   work.     They   are 
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made  with  legs  a  a  little  over  an  inch  high  so  that  the 
flame  will  circulate  under  as  well  as  over  the  box,  and  heat 
it  uniformly.  The  boxes  have  a  rib  b  around  the  lower  edge 
to  engage  a  fork  c  that  is  used  to  handle  them.  Large 
boxes  are  seldom  made  with  a  rib,  but  are  handled  with 
tongs  or  with  some  form  of  fork  that  passes  under  the 
bottom  of  the  box.  For  ordinary  work,  the  boxes  vary 
from    about    4    inches    square   by    4    inches   deep,    up    to 


12  in,  X  14  in.  X  16  in.,  though  for  special  work  they  are 
frequently  made  12  or  14  inches  wide  and  deep  by  4i  feet 
long.  Wrought-iron  or  steel  boxes  made  of  i-inch  steel 
plate  flanged  at  the  corners  and' riveted  together  are  some- 
times used. 

31.  Coollnje  Baths  for  Case-nardenlnpr  Work.— If  a 
large  amount  of  case-hardening  work  is  to  be  done,  some 
special  form  of  cooling  bath,  for  use  either  with  oil  or  water. 
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is  necessary.  The  most  important  requisite  is  that  provision 
should  be  made  for  maintaining  the  bath  at  the  desired  tem- 
perature. Two  styles  of  cooling  baths  for  use  with  different 
classes  of  work  are  shown  in  Fig.  12.  That  on  the  right 
consists  of  a  cylindrical  tank  of  water  about  30  inches  in 
diameter,  surrounded  by  a  water-jacket  in  which  an  active 
circulation  is  maintained  to  keep  the  bath  at  the  desired  tem- 
perature. The  work  is  brought  from  the  furnace  in  the 
packing  box  a,  placed  at  the  side  of  the  tank,  and  inverted  in 
such  a  way  as  to  pour  the  work  in  a  continuous  stream  into 
the  water.  The  work  collects  in  a  sieve  b  suspended  in  the 
tank,  while  the  bone  passes  through  to  the  bottom  of  the 
tank,  from  which  it  is  removed  periodically.  A  hood  is 
arranged  over  .the  tank  to  protect  the  workman  from  the 
steam  and  fumes  that  rise  as  the  work  is  poured  into  the  tank. 
This  method  of  cooling  will  produce  a  very  pretty  mottled 
appearance  on  the  work. 

Large  work  that  requires  surface  hardening  without  the 
mottled  appearance  and  at  the  same  time  must  be  extremely 
tough,  is  frequently  hardened  in  a  tank  like  that  shown  at  e. 
Fig.  12.  This  is  an  oil  tank  30  inches  in  diameter,  surrounded 
by  a  water-jacket  through  which  the  water  is  constantly  circu- 
lating to  maintain  the  desired  temperature  of  the  bath.  The 
case-hardening  pot  is  brought  from  the  furnace  and  placed 
by  the  side  of  the  bath;  the  work  is  removed  one  piece  at 
a  time,  dropped  into  the  bath,  and  collects  on  the  pan  rf. 
When  all  the  work  has  been  hardened,  the  pan  is  raised  from 
the  bath  with  a  suitable  hoist,  and  the  work  allowed  to  drain. 
This  method  of  cooling  produces  a  fairly  hard  surface  and  a 
dark  blue  color,  the  work  being  hardened  so  that  it  is  remark- 
ably tough.  After  the  pieces  have  drained  for  some  time, 
they  are  removed  and  cleaned  with  sawdust.  The  finish  left 
by  this  method  of  hardening  is  one  that  resists  rust  very  well. 

32.     Furnace    for   Case-IIardonlnfr    With    Potash. 

The  potash  method  of  case-hardening  is  sometimes  used,  and 
gives  excellent  results,  but  it  is  applicable  only  when  the 
amount  of   work   required   enables   the   process   to  go  on 
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continuously,  or  at  least  daily.  In  this  process,  large  fireclay 
tile  muffles  are  used,  the  tile  being  laid  with  fireclay  mortar. 
Coke  is  the  best  fuel  for  such  a  furnace  because  it  does  not 
eive  off  any  soot  or  clog  up  the  furnace  passages.  A  fire- 
place is  so  arranged  that  the  products  of  combustion  will 
circulate  about  the  mufHe  and  keep  it  at  a  uniform  tempera- 
ture. It  requires  about  2  weeks'  firing  to  get  the  muffles 
hot  all  through  and  ready  for  the  case-hardening  operation. 
A  furnace  containing  two  muffles  ts  shown  in  Fig.  13;  it  is 
incased  in  heavy,  cast-iron  plates;  the  fire-door  is  at  a,  the 
ash-pit  door  at  b,  and  the  entrances  to  the  muffles  are  at  c 
and  d;  the  doors  are  counterbalanced  by  the  weights  e,  and 
their  movement  is  controlled  by  handles  /.  Peep-holes  g;  g 
are  arranged  at  the  front  of  the  furnace,  while  doors  h,km. 
the  side  are  used  both  for  observing  the  temperature  of  the 
muffles  and  for  cleaning  the  passages. 

The  muffles  are  charged  with  25  pounds  carbonate 
of  potash  and  30  pounds  bone  black,  thoroughly  mixed 
together,  and  then  mixed  thoroughly  with  from  160  to  200 
pounds  of  charcoal.  If  the  quality  of  the  potash  is  good, 
the  larger  proportion  of  charcoal  may  be  used.  The  char- 
coal should  be  in  pieces  the  size  of  walnuts,  and  the  potash 
like  granulated  salt,  and  not  lumpy.  This  mixture  will  last 
about  2  weeks,  when  it  should  be  taken  out  of  the  muffle  and 
a  new  charge  put  in.  None  of  the  old  mixture  should  be 
returned  to  the  furnace,  as  it  loses  strength  when  exposed 
to  the  air.  The  articles  to  be  case-hardened  are  buried  in 
the  hot  mixture,  and  should  be  entirely  covered  in  the  muffle. 
The  muffle  door  should  be  kept  closed  except  when  changing 
or  inspecting  the  work.  The  time  that  the  work  is  left  in  the 
muffle  depends  on  its  size  and  the  depth  of  case-hardening 
desired.  Small  work  requires  3  or  4  hours  for  hardening  to 
a  moderate  depth,  while  large  work  or  heavy  articles  requ:re 
24  hours.  Locomotive  links  should  be  left  in  the  muffle  from 
12  to  14  hours,  and  guide  bars  from  18  to  24  hours. 

A  blackboard  should  be  placed  near  the  furnace  with  suit- 
able headings  painted  in  white;  opposite  these  the  order 
numbers,  names  of  the  pieces,  and  time  they  were  put  in 
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and  the  time  they  are  to  be  taken  out  should  be  recorded 
with  chalk.  The  pieces  are  removed  from  the  muffle  one  at 
a  time  and  quickly  plunged  into  clear,  cold  water.  The  cool- 
ing bath  should  be  deep  enough  to  permit  the  longest  piece 
to  be  plunged  endwise.  It  is  a  good  plan  to  place  a  sample 
piece  of  iron  or  steel  in  the  muffle  with  the  work.  This  may 
be  removed,  quenched,  and  broken,  so  as  to  note  the  depth 
to  which  the  case-hardening  has  penetrated. 


33.     Case-HaiHlenlnK  Furnace  for  Round  Work. — In 

shops  where  large  engines  are  built,  the  wristpins  and  crank- 
pins  are  trequently  case-hardened,  so  as  to  reduce  wear  as 
much  as  possible;  there  are  also  many  other  large  pins  or 
short  shafts  that  may  be  case-hardened  to  advantage.  Work 
of  this  character  can  be  hardened  best  in  a  vertical  position; 
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this  necessitates  the  construction  of  a  special  case-hardening 
furnace,  together  with  special  pots  and  lifting  devices.  A 
furnace  for  this  class  of  work  is  shown  in  perspective  in 
Fig.  14  and  in  cross-section  in  Fig,  15.  It  has  a  cast-iron  shell 
a,  1|  inches  thick.  42  inches  outside  diameter,  and  41  inches 
high,  a  firebrick  lining  4i  inches  thick,  and  a  clay  bottom 
covered  with  firebrick.  The  cover  ^  is  a  ring  casting  6  inches 
high,  having  pins  or  projections  cast  on  the  inside  to  hold 
the  fireclay  filling  in  place;  it  is  supported  by  four  arms  c,e. 


at  the  outer  end  of  each  of  which  is  a  roller  that  runs  on  the 
steel  tracks  d,  d.  The  frame  supporting  the  tracks  rf,  d  can 
be  adjusted,  by  a  screw  at  e,  so  that  the  cover  just  clears  the 
furnace.  The  pot  /is  lowered  into  the  furnace  by  a  special 
three-pronged  lifting  device  shown  in  Fig.  16,  The  three 
hooks  at  the  end  of  the  prongs  o.o  are  forced  under  the 
bottom  of  the  pot  by  the  conical  piece  p  attached  to  the  lifting 
device  at  the  top,  as  shown.  The  pots  are  16  inches  inside 
diameter  and  are  30  inches  high.     They  are  covered  with  a 
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round  plate  luted  on  with  fireclay.     Only  one  piece  of  work  ic. 
Fig.  15,  is  placed  in  the  pot  at  a  time.     The  work  is  sur- 
rounded by  several  inches  of  granulated  bone  or  some  car- 
bonaceous mixture.     The  furnace  is  heated  by  a  crude-oil 
burner,?',  Fig,  14,  the  flame  from  which  circulates  around  the 
pot.     The  pot  stands  on  three  fiiebricks/,  Fig.  15;  beneath 
it   an   opening   connects  with   a  pipe  h,  passing  under  the 
furnace  and  up  one  side;  this  pipe  should  extend  8  or  4  feet 
above  the  top  of  the  furnace,  and 
serves  to  carry  off  the  smoke  and 
gases.     When  an  extra  depth  of 
case-hardening    is    desired,    the 
work  is  left  in  the  pot  in  the  fur- 
nace  24  hours,   then   allowed  to 
cool,   removed,   and  repacked  in 
fresh  material.    It  is  then  returned 
to  the  furnace  for  another  24  hours' 
heating.      The     first    heating    of 
large  pins  is  sometimes  continued 
for  40  hours.    To  enable  the  work- 
man to  observe  the  temperature 
of    the    pot,  peep  holes    are    pro- 
vided in  the  side  of  the  furnace, 


34.     Special    Device    for 
Que  null  liiK  Work. — For  cooling 
craiikpins  and  wristpins,  the  ar- 
rangement  shown    in   Fig.  17  is 
used.     It   consists    of    an    outer 
casing  b,  within  which  is  a  10-inch  pipe  a  perforated  with 
■ft-inch  holes  placed  2i  inches  apart.     The  outer  pipe  b  is 
provided  with  a  nozzle  c  through  which  water  is  supplied  by 
a  hose  attached  to  a  hydrant.     The  whole  device  is  sup- 
ported on  bars  d.  d  placed  across  the  top  of  a  water  tank. 
The  work  e  is  lifted  from  the  case-hardening  pot  by  an  eye- 
bolt,  as  shown.     It  is  then  lowered  into  (he  cooling  case 
and  the  water  turned  on  so  as  to  strike  every  point  of  the 
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surface  in  a  series  of  jets,  the  waste  water  flowing  away 
throueh  an  opening  in  the  bottom. 

35.  Oas-Flred  Case-Hardening  Furnace. — When  a 
moderately  small  amount  of  case-hardening  is  to  be  done,  a 
furnace  of  the  form  shown  in  Fig.  18  will  be  found  very 


useful.  This  furnace  has  a  series  of  gas  burners  a,  arranged 
along  each  side,  below  the  bottom  plate  d  of  the  furnace.  The 
products  of  combustion  rise  around  the  outer  edges  of  this 
plate,  on  which  the  case-hardening  box  containing  the  work  is 
placed,  and  escape  through  the  openings  c,  c.  The  opening  e 
is  closed  with  a  fire-clay  plug  d,  supported  in  the  door. 
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BliUIN^O  STEEIi 


BLUING    WITH    A    MOLTEN    BATH 

86.  It  is  frequently  desirable  to  produce  on  iron  or  steel 
a  blued  surface  that  is  not  only  ornamental,  but  that  resists 
rust.  One  method  of  doing  this  work  is  as  follows:  A  cast- 
iron  pot  of  sufficient  size  is  set  in  the  top  of  a  brick  furnace 
and  heated  with  a  hard  coal  or  coke  fire  beneath  it,  or  with 
a  gas  or  oil  fiame.  The  pot  is  nearly  filled  with  a  mix- 
ture of  ten  parts  of  niter  and  one  part  of  black  oxide  of  man- 
ganese, which  is  maintained  at  a  temperature  just  below  a 
black  heat,  the  temperature  being  gauged  by  occasionally 
throwing  a  little  fine  sawdust  on  the  surface  of  the  molten 
mixture.  When  the  temperature  is  right,  the  sawdust  will 
take  fire  in  a  few  seconds,  but  will  not  flash  into  fire  instantly. 
The  manganesedoes  not  melt,  and  the  mixture  must  be  stirred 
with  an  iron  rod  just  before  dipping  the  work  for  bluing. 

The  pieces  of  work  are  placed  in  a  wire  basket  and  lowered 
into  the  hot  mixture;  the  basket  is  moved  up  and  down  in 
the  mixture  a  little  to  observe  the  color,  which  should  be 
right  for  small  work  in  from  1  to  2  minutes.  As  soon  as 
the  desired  color  is  obtained,  the  basket  with  its  contents  is 
lowered  into  a  tank  containing  a  hot  solution  of  soda,  in  which 
it  is  moved  up  and  down  several  times.  It  is  then  transferred 
to  a  tank  of  clear  boiling  water,  again  moved  up  and  down 
to  wash  it  thoroughly,  and  lifted  from  the  water,  when  the 
heat  in  the  work  will  dry  it  quickly. 


BLUING     POLISHED    STEEL 

37.  Steel  articles  may  be  blued  by  heating  them  in  hot 
sand.  They  can  also  be  blued  by  placing  them  in  sheet-iron 
boxes  suspended  in  a  furnace  in  such  a  way  that  they  can  be 
tilted  from  side  to  side,  so  as  to  caitse  the  articles  to  move 
or  slide  about.  In  either  case,  the  operator  watches  the 
articles  until  the  desired  color  is  obtained,  when  the  work 
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is  quickly  removed  and  allowed  to  cool  in  the  air.     With 
care,  very  beautiful  colors  may  be  produced  in  this  manner. 
A  sand-drawinjf  furnace  arranged  to  shower  hot  sand  over 
the  work  may  also  be  used  for  bluing  steel. 
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POWER  HAMMERS 

BEAM  POWER  HAMMERS 

1.  Definitions. — A  ponder  hammer  is  one  that  IS 
operated  by  a  belt  driven  by  a  shaft,  and  not  by  a  direct-con- 
nected steam  cylinder;  the  latter  is  called  a  steam  liammer. 
Power  hammers  are  classified,  according  to  the  manner  of 
Striking  the  blow,  as  lielve  hammers,  which  have  very  large 
handles,  or  helves;  trip  hammers,  which  trip  from  a  cam; 
and  drop  hammers,  which  are  lifted  and  allowed  to  drop. 

2.  Trip  Hammers. — One  of  the  earliest  forms  of  power 
hammer  was  the  trip  hammer  with  a  large  helve,  as  shown 
in  Fig.  1.  It  consisted  of  a  beam,  or  helve,  a,  supported 
near  one  end  by  trunnions  /.     The  shorter  end  was  covered 


/«V 


by  a  metal  strap,  or  shell,^,  and  to  its  longer  end  was  attached 
a  weight  b  for  a  hammer  head.  To  this  was  keyed  the  ham- 
mer face  r,  while  the  anvil  face  d  was  keyed  to  the  anvil  e. 
A  toothed  wheel  ('  was  so  mounted  on  the  power  shaft  h  that 
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the  teeth,  or  cams,  came  into  contact  with  the  shorter  end  of 
the  beam  and  depressed  it,  thus  raising  the  hammer  b.  As 
soon  as  the  cam  slipped  from  the  beam,  the  hammer  b  fell 
and  struck  the  work  on  the  anvil.  These  hammers  were 
run  quite  rapidly,  yet  compared  with  modem  hammers  they 
worked  slowly.  The  rapid  wear  of  the  cam  parts,  the  large 
floor  space  occupied,  the  relatively  slow  action,  and  the  lack 


Pia.2 

of  control,  have  caused  this  style  of  hammer  to  be  almost 
wholly  displaced  by  more  modern  types. 

3.  Foot-Operated  Hammer. — In  small  blacksmith 
shops,  it  is  not  always  possible  to  keep  a  helper  for  doing 
the  heavy  striking,  for  the  work  requiring  heavy  striking  is  so 
intermittent  that  it  would  be  difficult  to  keep  the  helper  busy 
for  the  remainder  of  the  time;  for  this  reason  the  foot-power 
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hainnier  shown  in  Fig.  2  was  invented.  It  consists  of  a 
heavy  sledge  a  hung  with  a  suitable  controlling  mechanism, 
of  springs  and  levers,  arranged  in  such  a  manner  that  it  can 
be  brought  down  on  the  work  by  pressing  down  the  lever  6. 
The  spring  c  holds  the  hammer  in  its  upper  position,  while 
the  spring  d  transmits  the  pressure  of  the  foot  to  the  hammer 
handle.  The  tension  in  the  springs  can  be  regulated  by 
moving  the  hook  to  the  different  holes  £,  or  the  clevis  to  the 
different  holes  /.  The  position  in  which  the  sledge  strikes 
on  the  face  of  the  anvil  can  be  controlled  by  a  lever  near  the 
horn  of  the  anvil,  which  is  not  visible  in  the  illustration. 


Fio.  s 
4.     Rabber-Ciishloiied    IleWc    Hammers. — As    the 

general  defects  of  the  trip  hammer  have  long  been  recog- 
nized, the  many  attempts  made  to  correct  them  have  resulted 
in  a  great  many  types  of  forging  hammers.  Where  a  large 
number  of  rapid  blows  are  to  be  struck  on  work  that  is 
being  considerably  reduced  in  size  as  it  is  being  hammered, 
some  form  of  elastic  support  should  be  provided  for  the 
hammer  head.  A  wooden  beam  has  been  found  to  serve 
this  purpose  remarkably  well,  and  is  used  in  a  great  many 
power  hammers;  in  others,  rubber  cushions  are  used.  Fig.  3 
shows  a  modern  hammer  of  this  class.  The  beam  and 
hammer  resemble  those  shown  in  Fig.  1,  but  the  power  is 
transmitted  by  belt  instead  of  by  cams.     In  this  case,  the 
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beam  /,  carrying    the  hammer   head  h,   is  operated  by  an 
eccentric  device  that  moves  the  rubber  cushion  r  up  and 
down.     When  the  eccentric  throws  the  cushion  up,  it  raises 
the  right-hand  end  of   the  beam,  compressing  the  rubber 
buffers  c,  c".     As  the  eccentric  causes  the  rubber  bui?er  r  to 
descend,  the  hammer  falls  not  only  by  its  own  weight,  but 
also  because  of  the  elasticity  of  the  buffers  c,  c".     The  use  of 
these  rubber  buffers  makes  the  action  of  the  hammer  posi- 
tive and  quick,  and  causes  it  to  do  much  better  work.     The 
position  of  the  hammer  head  in  relation  to  the  anvil  is  con- 
trolled by  the  lever  k,  that  is,  the  beam  /  can  be  shifted 
lengthwise   by   this   lever.     When    the   hammer   is   not   in 
operation,  the  belt  b  runs 
loosely  about  the  pulley  a, 
without  causing  it  to  turn. 
When  it  is  desired  to  start 
the  hammer,  the  pressure 
of  the  foot  on  the  treadle  / 
brings  the  tightening  pul- 
ley d  into  contact  with  the 
belt,   taking  up  the   slack 
and  causing  the  pulley  a  to 
turn  and  operate  the  ham- 
mer.    When  the  treadle  I 
is    released,    a    brake    is 
automatically  applied  to  the  driving  shaft  and  the  hammer  is 
instantly  stopped.     The  parts  are  so  arranged  that  the  ham- 
mer always  stops  at  the  upper  point  in  its  stroke. 

The  anvil  should  be  mounted  on  a  separate  foundation,  so 
that  the  continual  use  of  the  hammer  will  not  have  a  tend- 
ency to  break  the  frame  of  the  hammer,  and  also  so  that  the 
upper  and  lower  dies  can  be  kept  in  line.  In  the  hammer 
shown  in  Fig.  3,  the  anvil  is  secured  to  the  hammer  frame 
by  straps,  while  bolts  through  lugs  are  used  in  the  one 
shown  in  Fig.  4,  the  anvil  block  a  being  secured  to  the  frame 
by  bolts  b.  A  layer  of  packing  composed  of  wood  or  fiber  is 
placed  between  the  frame  and  the  anvil  block  as  shown  at  c, 
and  the  nuts  screwed  on  and  tightened. 
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GUIDED  POWEB  BAHHBRS 
5.  Upright  Helve  Hammer. — In  order  to  keep  the 
dies  of  the  hainmer  in  line  more  perfectly  than  is  possible 
with  the  ordinary  style  of  helve  hammer,  various  styles  of 
hammers,  in  which  the  hammer  dies  are  guided,  have  been 
brought  out.  In  some,  wooden  helves  are  used,  and  the 
hammers  are  connected  as  shown  in  Fig.  5;  in  others,  steel 


helves  termioate  in  bows  from  which  the  hammers  are 
hung  by  straps  or  by  spring  connections.  The  former  are 
called  upright  helve  hammeps,  and  the  latter  strap 
hammers.  The  strap  hammers  are  especially  suitable  for 
the  smaller  sizes,  as  they  give  a  very  flexible  connection, 
suitable  for  fast  running.  In  the  case  of  the  helve  hammer 
illustrated   in   Fig.  5,   the  anvil  carrying  the  lower  die  is 
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supported  on  a  separate  foundation  from  that  which  supports 

the  hammer  frame.     The  hammer  dies  a,  6  are  held  in  place 

TABLE    I 

CiU>ACITT    OF    RUBBER-CUSHIONED    HBLVB    HAMMERS 


WeiRht  of 

Average  Number 

Average  Size  of 

Approximate 
Horeepower 

Pounds 

Inches 

15 

435 

* 

ito    i 

25 

400 

1 

Jto. 

40 

300  to  315 

.i 

li  to  2 

6o 

290  to  300 

•i 

2     to  2i 

8o 

27s 

2 

aito  3 

100 

275 

2I 

2*  to  3 

200 

225  to  240 

3tt0  4 

3    t0  3i 

TABLE    II 

CAPACITT    OF    CUeHIOMED    UPBIOHT    HELVE    HAMMEBB 
AND    STRAP    HAMMERS 


Style  and  Weight  of 

Upright  Hammer 

in  Pounds 


Required 


15  strap  hammer  only 

30  strap  hammer  only 

50  either  strap  or  helve  hammer 

75  either  strap  or  helve  hammer 

100  either  strap  or  helve  hammer 

125  either  strap  or  helve  hammer 

150  either  strap  or  helve  hammer 

aoo  either  strap  or  helve  hammer 

300  helve  hammer  only 

500  helve  hammer  only 


with  keys  c,  d.     The  operation  of  the  hammer  is  controlled 
by  a  loose  belt  and  tightener,  as  already  described,  and  the 
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parts  are  so  arranged  that  the  hammer  alwajrs  comes  to  rest 
at  the  top  of  its  stroke. 

The  power  required  by,  and  the  capacities  of,  these  ham- 
mers, as  given  by  one  manufacturer,  are  shown  in 
Tables  I  and  II.  Table  I  is  for  rubber-cushioned  helve 
hammers,  and  Table  II  for  cushioned  upright  helve  hammers 
and  strap  hammers.    The  sizes  given  for  iron  should  be 


reduced  one-third  when  applied  to  steel.  These  sizes  are 
only  approximate,  as  any  hammer  will  do  both  larger  and 
smaller  work;  they  are,  however,  the  sizes  for  which  each 
hammer  is  especially  suitable  for  continuous  service. 

6.     FoFKlnpr  Hammere. — A  somewhat  different  type  of 
forging  hammer   is   shown  in    Fig.   6.     In   this   class,  the 
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operating  mechanism  is  all  at  the  top,  but  as  in  the  cases 
already  described,  the  hammer  is  started  and  stopped  by 
shifting  the  tightening  pulley  /,  which  is  connected  with  a  foot- 
treadle  k;  when  the  haminer  is  not  in  use  the  belt  n  runs  loose 
about  the  pulley^  without  causing  it  to  turn,  and  is  thrown 
into   action  by   the  pulley  /,  which  takes   up   the  slack   in 
the   belt.     The   length   of   stroke   of   the   hammer   can    be 
adjusted  by  shifting  the  crank- 
piu  c  in  the  slot  r  of  the  crank. 
In  the  style  shown,  the  hammer 
frame  surrounds  the  anvil,  so 
that  the  latter  may  be  provided 
with  a  separate  foundation  and 
still  be  in  line  with  the  ham- 
mer head  A. 

Forging  hammers  are  fre- 
quently made  in  the  form 
shown  in  Pig.  7,  the  hammer 
head  being  hung  from  the 
helve,  or  operating  mechanism, 
by  the  bow  spring  a.  The 
helve  fulcnim.or  trunnion,  A  is 
•<:  supported  from  the  frame,  and 

~~  the  motion  is  transmitted  to  the 

helve  by  a  rod  connecting  the 
rocking  joint  ^  with  the  eccen- 
'°'  trie  c  that  is  on  the  shaft  d. 

The  brace  e  supports  the  back  part  of  the  frame,  making  the 
hammer  more  rigid  without  greatly  increasing  its  weight. 
In  this  machine,  it  wilf  also  be  noticed  that  the  anvil  /  is  a 
portion  of  the  frame,  and  hence  all  the  force  of  the  blow 
must  be  absorbed  by  the  work  on  the  anvil.  This  is 
especially  advantageous  in  the  case  of  small  hammers. 
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POWER-HAHBIEK  WORE 

7,  Breaking-  Dow^n. — Power  hammers  are  frequently 
used  for  the  heavy  roughing  or  breaking  down  of  work  that 
is  finished  under  a  drop  hammer.  In  many  cases,  this  break- 
ing down  can  be  done  between  flat  dies,  as  in  the  hammer 
shown  in  Fig.  5,  while  in  other  cases  it  is  better  to  use  dies 
with  convex  or  curved  faces,  as  shown  in  Fig.  7,  which  act 
like  fullers.  If  the  work  is  round,  it  is  turned  slightly  after 
each  blow  of  the  hammer.  Rectangular  work  is  also  fre- 
quently drawn  to  a  taper,  between  either  plane  or  curved  dies. 
One  great  advantage  of  the  power  hammer  for  this  class  of 
work  is  that  the  blows  are  very  much  more  rapid  than  in  the 
ordinary  drop  hammer,  and  henCe  the  breaking  down  can  be 
done  more  quickly.  These  power  hammers  will  be  found 
exceedingly  useful  for  work  in  an  ordinary  jobbing  blacksmith 
shop,  or  in  tool  dressing;  for  boring  tools  and  similar  pieces 
can  be  drawn  out  very  quickly  and  effectively  with  them. 

8.  FlnlshlnK  Work  Under  a  Pow^er  Hammer. — Some 
classes  of  forgings  can  be  finished  under  a  power  hammer 
with  good  results;  an  example  is  the  eyebolt  shown  in 
Pig.  8,  in  which  a  and  b  are  views  of  the  finished  forging. 
The  hole  d  is  drilled  after 
the  forging  is  completed. 
Dies,  of  course,  are  neces- 
sary for  this  work.  First 
the  work  may  be  necked 
down,  as  shown  at  e,  using 
one  portion  of  the  dies. 
It  is  then  given  the  form 
shown  at  /,  by  means  of 
another  portion  of  the 
dies;  a  fin  will  usually 
form  on  the  end,  as  shown  by  the  dotted  lines  at  c,  but  this 
can  be  trimmed  off  by  hand  or  with  suitable  dies.  The  forging 
is  then  given  a  quarter  turn  and  the  portion  /  is  struck  a  few 
t^pw?  between  flat  faces,  which  will  bring  it  to  the  form 
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shown  at  a  and  b.  Such  forgtnss  asually  do  not  have  to  be 
brought  down  to  exact  dimensions.  It  is  possible,  however, 
to  do  very  good  and  qaite  accurate  work  under  a  power 
hammer.  Punches  for  making  rivet  boles  in  sheet  metal, 
such  as  boiler  plate,  may  be  forged  on  a  power  hammer. 
By  using  suitable  dies,  the  punches  may  be  brought  to  such 
a  degree  of  perfection  that  they  will  require  very  little 
machine  finishing,  the  diameter  of  the  punch  being  forged 
to  size.  Power  hammers  are  especially  useful  in  forging 
round  work,  that  is,  work  that  can  be  turned  or  rotated 
between  the  dies  while  forging. 


STEAM   HAMMERS 

9.  Bteam  Helve  Hammers. — For  many  years  the 
heaviest  forging  hammers  were  beam,  or  helve,  hammers, 
directly  operated  by  steam;  the  modern  steam  liammer  is 
the  natural  development  of  this  type.  A  steam-operated 
helve  hammer  is  shown  in  Fig.  9.  The  middle  of  the 
beam  a  is  encased  in  metal  d  to  which  is  attached  a  shaft, 
or  trunnion, «;  just  forward  of  the  trunnion  is  a  steam  cylin- 
der /,  with  a  suitably  controlled  mechanism.  The  steam 
acting  under  the  piston  forces  up  the  beam,  raising  the 
hammer  head  c.  When  the  steam  beneath  the  piston  is 
exhausted,  the  hammer  head  falls,  striking  the  blow  on  the 
work  on  the  anvil.  To  hasten  the  action  of  the  hammer 
and  to  increase  the  energy  of  the  blow,  a  spring  timber  g  is 
mounted  in  such  a  way  that  the  back  end  of  the  beam  a 
strikes  and  depresses  it  when  the  hammer  is  in  its  upper- 
most position.  The  spring  timber  is  bent  down  and  on  its 
rebound  serves  to  start  the  hammer  downwards  very  quickly. 
The  spring  timber  is  usually  a  hickory  beam  at  least  8  feet  or 
10  feet  in  length.  The  method  of  mounting  the  hammer, 
together  with  the  details  of  its  foundation,  is  shown  in 
Fig,  9.  The  anvil  foundation  is  separate  from  the  hammer 
foundation. 

One  of  the  greatest  objections  to  steam  helve  hammers  is 
that  the  faces  of  the  anvil  and  hammer  are  not  parallel  when 
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the  blow  is  struck,  and  there  is  always  a  tendency  to  crowd 
the  work  ontwards  or  away  from  the  bearing  of  the  beam. 
This  efiEect,  however,  is  slight.  Another  objection  is  the 
large  floor  space  occupied. 


10,  Steam  Forcing  Hammer. — There  is  a  large 
variety  of  steam  forging  hammers,  as  different  styles  have 
been  designed  to  meet  difEerent  conditions.  In  Fig.  10,  the 
hammer  bead  a  carries  the  upper  die  b,  which  strikes  the 
die  c  keyed  to  the  anvil  d.  The  hammer  head  a  is  keyed  to 
the  rod  e,  which  is  connected  to  a  piston  working  in  the 
cylinder  /.  Steam  may  be  admitted  to  the  cylinder,  either 
above  or  below  the  piston,  by  a  suitable  valve  mechanism 
controlled  by  the  lever  g.  The  lever  k  operates  a  throttle 
valve  for  shutting  off  the  steam  from  the  controlling  valve 
when  the  hammer  is  not  in  use.  When  steam  is  admitted 
below  the  piston,  the  piston  and  the  hammer  are  raised. 
The  blow  can  then  be  struck  by  simply  allowing  the  steam 
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to  exhaust  and  the  hammer  to  fall.  A  very  much  harder 
blow  can  be  struck  by  admitting  steam  above  the  piston 
to  drive  it  down.  The  steam  also  starts  the  piston  more 
quickly,  and  more  rapid  blows  may  be  struck. 

Among  the  special  advantages  of  the  steam  forging  ham- 
mer are  the  small  floor  space  occupied  for  a  given  capacity 
as  compared  with  the  helve  hammer,  and  the  better  control 
of  the  blows,  and  the  position  of  the  dies  in  relation  to  each 
other.  When  the  steam 
forging  hammer  is  not 
in  use,  the  hammer  head 
descends  and  rests  on 
the  lower  die. 

11.     Steam-Ham- 

mer  Valves . — In  steam 
hammers,  it  is  custom- 
ary to  supply  a  throttle 
valve  at  the  point  where 
the  steam  enters  the 
valve  chest,  and  a  con- 
trolling valve  for  ad- 
mitting steam  to  both 
sides  of  the  piston;  this 
controlling  valve  is 
usually  some  type  of 
slide  valve,  but  a  rota- 
ting valve  is  sometimes 
_  used.  One  arrangement 
^"'■"'  of  the  valves  is  shown 

in  Fig.  11.  The  throttle  valve  a  for  shutting  off  the  steam 
is  operated  by  a  lever  k.  Fig.  10.  The  controlling  valve 
in  this  case  is  a  hollow  piston  valve  b.  Fig.  11,  around  which 
the  steam  passes  to  the  ports  c,  d,  and  through  which  the 
exhaust  from  the  ports  c,  d  passes  to  reach  the  exhaust 
passage  e. 

In   the   position   shown,   steam  is  entering    through   the 
throttle  a,  passing  around  the  controlling  valve  b,  filling  the 
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passage  /  that  surrounds  the  valve,  and  passes  through 
the  lower  port  d,  as  shown  by  the  arrows,  into  the  cylinder 
beneath  the  piston.  At  the  same  time,  the  steam  on  top  of 
the  piston  is  exhausting  from  the  cylinder  through  the  port  c, 
which  connects  with  the  top  of  the  cylinder,  through  the 
center  of  the  valve  b  and  out  the  exhaust  passage  e,  as  shown 
by  the  arrows.    The  hammer  will,  therefore,  rise  until  the 


piston  reaches  the  top  of  the  stroke,  unless  the  valve  b  is 
raised  to  close  the  passage  of  the  steam  to  the  port  d.  To 
force  the  hammer  down,  the  controlling  valve  must  be  moved 
so  that  steam  will  pass  from  /  through  c  to  the  top  of  the 
cylinder,  and  steam  from  the  other  end  will  exhaust  through 
the  exhaust  passage  to  the  outer  air. 

The  rod  ^,  shown  dotted  behind  the  cylinder,  is  attached  to 
the  lever  /'  and,  with  link  /',  lifts  the  valve  stem  and  the  valve. 
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The  valve  stem  passes  through  a  stuffingbox  h,  which  pre- 
vents steam  from  leaking  out  around  the  stem. 

The  rod  shown  behind  the  cylinder  in  Fig.  10  is  also  for 
the  purpose  of  moving  the  valve,  and  is  operated,  through 
links,  as  shown,  by  the  lever  g.  In  this  case,  the  rod  is 
lowered  in  order  to  raise  the  controlling  valve  in  the  valve 
chest  shown  at  /,  the  arrangement  being  very  much  like  that 
shown  in  Fig.  II. 

12.  Control  of  Steam  Hammers. — Steam  hammers 
are  controlled  either  by  hand  or  by  automatic  controlling 
mechanisms.  The  hammer  shown  in  Fig.  10  may  be  con- 
trolled by  the  lever  ^;  or  it  may  be  controlled  automatically 
by  means  of  cam  i,  which  comes  in  contact  with  the  inclined 
piece  j  on  the  hammer  head.  This  cam  operates  the  valve 
mechanism  and  reverses  the  hammer  for  another  stroke.  A 
mechanism  of  this  kind  is  placed  on  all  forging  hammers, 
and  enables  the  operator  to  make  the  hammer  strike  a  series 
of  uniformly  light  or  heavy  blows  as  the  case  may  require, 
thus  operating  the  hammer  automatically.  In  the  position 
shown  in  Fig.  10,  the  valve  is  down  and  steam  is  entering 
below  the  piston;  as  the  piston  rises,  the  inclined  piece  j  will 
force  the  cam  i  to  one  side  and  reverse  the  valve,  causing  the 
hammer  to  strike.  As  the  hammer  comes  down,  the  cam  i 
will  be  moved  back  so  as  to  raise  the  rod  behind  the  cylinder, 
causing  the  valve  to  lower  and  thus  admitting  steam  below 
the  piston  to  raise  the  hammer. 

13.  Steam  Drop  Hammer. — One  form  of  steam  drop 
hammer  is  shown  in  Fig.  12.  This  hammer  differs  from  the 
steam  forge  hammer  in  that  the  head  a  moves  between 
adjustable  guides  b.  Another  point  of  difference  is  that  the 
anvil  c  and  the  frame  of  the  hammer  are  on  the  same  foun- 
dation; in  fact,  the  anvil  supports  the  frame.  The  steam  is 
used  for  raising  the  hammer  head,  which  does  its  work  by 
falling,  as  in  the  case  of  the  ordinary  drop  hammer.  For  this 
reason,  the  name  steam  drop  hammer  has  been  applied  to 
this  type  of  hammer,  although  provision  is  made  in  the  best 
hammers  by  which  steam  can  be  used  above  the  piston  to 
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increase  the  force  of  the  blow.  The  piston  is  always  under 
instant  control  by  the  foot-treadle  d,  which  stands  across  the 
front  of  the  machine. 

When  the  steam  drop  hammer  is  not  in  use,  the  mechanism 
automatically  raises  the  hammer  head  and  holds  it  in  its 
highest  position.     Such  a  hammer  may  be  fitted  with  suit- 
able dies   and   used  for  for- 
ging operations,  bat  as  a  rule 
it  is  not  so  well  adapted  to 
this  work  as  the  regular  steam 
forging  hammer. 

14.     Types  of  Hammer 

Frames. — In  forging,  the 
hammers  commonly  used  are 
divided  into  two  classes, 
known  as  single-  and  double-  ' 
frame  hammers.  The  single- 
frame  type.  Fig.  10,  is  best 
for  small  or  light  work  be- 
cause there  is  only  one  stand- 
ard or  leg  to  interfere  with 
bringing  the  work  to  the 
hammer  dies,  and  with  mov- 
ing the  work  about  while 
forging.  As  a  rule,  double- 
frames.  Fig.  13,  are  used  only 
on  the  larger  sizes  of  forging 
hammers,  and  ample  space  is 
usually  left  about  the  anvil  to 
permit    the    introduction    of  ^^^  ^ 

both  the  work  and  the  tools. 

In  both  the  single-  and  double-frame  hammers  the  dies  are 
generally  set  at  an  angle  of  45°  to  the  frame,  as  shown  at  b 
and  c.  Fig.  10,  and  a  and  b.  Fig.  13.  Setting  the  dies  at  45° 
to  the  face  of  the  frame  permits  long  work  to  be  placed 
either  across  the  dies  or  along  their  length,  and  allows  the 
work  to  be  handled  under  the  hammer  without  striking  the 
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frame.  It  also  permits  the  use  of  hand  tools,  which  are 
placed  on  top  and  at  rig:ht  angles  to  the  work,  without 
serious  interference  by  the  frame. 

In  the  hammer  shown  in  Fig.  13,  the  steam  cylinder  ;  is  a 
separate  casting;  that  is  bolted  on  opposite  sides  to  the  side 
frames  {,g.  The  piston  has  an  upper  rod,  ortailrod,  f^,  which 
is  flat  on  one  side  to  prevent  the  piston  and  hammer  from 


turning.  There  is  no  foot-lever  for  operating  this  hammer; 
the  hand  wheel  h  is  attached  to  the  rod  that  moves  the 
throttle  valve,  and  the  lever  i  is  connected  to  the  valve  that 
controls  the  admission  of  steam  to,  and  the  exhaust  from, 
the  cylinder. 

15.     Hammer  Guides. — In  the  case  of  steam  hammers, 
it  is  necessary  to  provide  some  form  of  guide  that  will  keep 
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the  upper  and  lower  dies  in  line.  There  are  two  types  of 
guides  in  common  use.  In  one  type,  the  piston  rod  is 
made  of  comparatively  small  diameter,  and  the  weight  is 


concentrated  in  the  hammer  head,  as  shown  at  a  in  the  steam 
drop  hammer,  Fig.  12,  The  hammer  head  is  guided  inde- 
pendently of  the  piston  in  the  cylinder  by  guides  6, 6,  located 
below  the  cylinder.     In  the  single-frame  forging  hammer 
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shown  in  Fig.  10,  a  short  guide  is  provided  at  A;  while  in  the 
hammer  shown  in  Fig.  14,  the  hammer  head  is  guided  between 
the  overhanging  portions  g,  k  of  the  frame. 

The  other  type  of  guide  is  that  in  which  the  cylinder  heads 
act  as  the  guides,  as  shown  in  Fig.  13.  This  style  of 
hammer  is  known  as  the  Morrison  type,  after  the  name  of  its 
inventor.  The  weight,  instead  of  being  concentrated  in  the 
hammer  head,  is  distributed  in  the  hammer  and  in  the  long 
bar  or  piston  rod  c.  Guides  are  provided  in  the  tipper  and 
lower  cylinder  heads;  and  as  these  guides  are  a  considerable 
distance  apart,  it  is  possible  to  line  up  the  dies  very 
accurately.  The  relatively  large  diameter  of  the  bar  that 
forms  the  piston  rod  makes  it  very  strong,  so  that  very  heavy 
blows  may  be  struck  without  danger  of  breaking  or  springing  it. 

16.  Proper  Weight  of  Hammer. — When  wrought  iron 
was  the  only  material  worked  under  the  steam  hammer,  it 
was  not  so  necessary  to  provide  heavy  hammers,  as  the 
forgings  were  built  up  by  welding  a  large  number  of  thin 
slabs  together;  these  thin  slabs  were  affected  clear  through 
by  blows  from  a  relatively  light  hammer.  During  this 
building-up  process,  all  the  metal  in  the  forging  was 
thoroughly  worked.  The  metal  also  had  been  subjected  to 
considerable  hammering  to  produce  the  slabs  from  which 
the  forging  was  built  up;  this  hammering  tended  to  produce 
a  forging  of  good  quality.  The  introduction  of  steel  forgings 
developed  an  entirely  new  set  of  conditions.  The  structure 
of  steel  differs  from  that  of  wrought  iron,  and  it  requires 
much  more  work  to  produce  a  given  effect  on  a  piece  of 
steel;  so  that  for  a  given  thickness  of  metal  a  heavier 
hammer  is  required.  In  making  steel  forgings,  it  is  neces- 
sary also  to  work  them  down  from  relatively  large  billets, 
and  a  large  enough  mass  must  be  taken  to  produce  the 
finished  forging,  as  steel  cannot  be  welded  in  large  pieces. 

On  large  forgings,  therefore,  it  is  necessary  to  use  a  large 
billet  and  a  heavy  enough  hammer,  so  that  the  blow  will 
penetrate  to  the  center  of  the  work.  If  a  heavy  enough 
hammer   is  used,    and  the   center  of   the  piece  receives  a 
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sufficient  amount  of  workinsr.  the  end  of  the  forcing  will  be 
convex,  as  shown  at  a.  Fig,  15.  If  the  hammer  is  too  light 
for  the  forging,  the  blows  will  only  affect  the  outer  surface 
of  the  metal,  stretching  it  and  causing  the  ends  to  be  dished, 
or  concave,  as  shown  at 
b.  Pig.  15.  When  the  sur- 
face metal  is  stretched  in 
this  way,  it  has  a  ten- 
dency to  tear  away  from 
the  inside  metal,  forming 
a  series  of  cracks,  and  in  some  cases  openings  of  consid- 
erable size.  If  the  hammer  is  not  heavy  enough,  therefore, 
to  make  the  ends  of  the  work  assume  the  form  shown  at 
a.  Fig.  15,  it  is  too  light  for  the  piece  being  forged,  and  only 
poor  results  can  be  expected. 

17.  Hammer  Foundations. — In  most  cases,  steam- 
hammer  manufacturers  recommend  the  placing  of  the  anvil 
and  the  hammer  on  separate  foundations.  A  foundation  for 
a  single-frame  hammer  is  shown  in  Fig.  14.  The  frame  of 
the  hammer  is  supported  on  timbers  a,  carried  on  brick  piers 
A,  c.  Between  these  brick  piers  is  arranged  a  timber  foun- 
dation e,  on  which  the  anvil  block  d  is  mounted.  A  founda- 
tion for  a  double-frame  hammer  is  shown  in  Fig.  16.  In  this 
case  the  frame  of  the  hammer  is  supported  on  two  piers  a,  b, 
while  the  anvil  block  c  is  supported  on  the  timber  foundation  d. 

Recently,  some  manufacturers  have  advocated  the  use  of 
rigid  concrete  foundations  for  both  the  hammer  and  the  anvil. 
This  construction  necessitates  the  use  of  very  much  heavier 
anvil  blocks  and  hammer  frames,  but  it  makes  the  blows 
of  the  hammer  more  effective,  as  the  work  absorbs  all  the 
energy  of  the  blow  instead  of  having  a  large  portion  of  it 
dissipated  owing  to  the  spring  of  the  anvil.  There  is  one 
advantage,  however,  in  favor  of  wooden  or  elastic  founda- 
tions, and  that  is  that  the  slight  yielding  causes  the  work  of 
the  blow  to  be  distributed  over  a  longer  interval  of  time 
than  on  a  solid  foundation.  This  slower  action  permits  the 
force  of  the  blow  to  penetrate  deeper,  thus  causing  the 
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metal  to  be  worked  more  thoroughly  than  whea  the  anvil  is 
set  on  a  solid  foundation.     Sufficient  elasticity  to  allow  the 


effect  of  the  blow  to  penetrate  to  the  center  of  the  wort  is 
necessary  for  forging  steel. 
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18.     Porter  Bars. — In  welding  up  large  shafting  from 

scrap  it  is  necessary  to  have  a  starting  piece,  so  that  the 

forging  can  be  handled  to  advantage.     The  starting  piece 

for  forging  a  shaft  is  called  a  porter  bar.  Fig.  17,  and  con- 


sists of  a  short  section  of  shafting  of  about  the  same  diame- 
ter as  the  desired  shaft,  to  which  pieces  may  be  welded 
to  form  the  shaft.  One  end  a  is  forged  to  a  shovel  shape 
to  receive  the  bars  or 
stock  to  be  welded  on. 
Where  iron  shafts  of 
different  diameters  or 
other  iron  forgings  are 
being  made,  several  ( 
sizes  of  porter  bars  are 
always  kept  on  hand. 
19.  Stocks.— For 
turning  and  handling 
the  porter  bar  or  the  < 
entire  forging,  stocks 
i,.Fig.  17,  are  em- 
ployed; they  are  shown 
in  greater  detail  in 
Pig,  18.  Two  such 
stocks    are    generally  ^'°'  "* 

used,  being  held  together  by  bolts  passing  through  the 
holes  a,  a.  The  handles  6,  c  and  d  are  so  arranged  that 
when  the  stocks  are  clamped  to   the  work  as  shown  in 
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Fig.  17,  the  six  handles  of  the  two  stocks  will  be  located  at 
approximately  equal  distances  apart,  around  the  work. 
For  handling  square  work,  a  stock  of  the  form  shown  in 
Fig.  19  is  frequently  used. 


20.  Hacbs  or  Cutters. — A  hack  is  used  for  cutting  off 
hot  work  under  either  steam  or  power  hammers.  The  ordi- 
nary blacksmiths'  hot  chisel  is  not  suitable  for  such  work,  as 
it  is  too  high  and  slender.  It  is  of  the  general  form  shown 
at  a.  Fig.  20  (a).    The  cutting  edge  is  not  as  sharp  as  the 


cutting  edge  of  the  ordinary  hot  chisel,  and  the  tool  must  be 
held  vertical  when  struck  with  the  hammer.  When  it  is  in 
an  inclined  position,  as  shown  in  Fig,  20  (6),  the  hammer 
is  liable  to  knock  the  hack  over  on  its  side  and  bed  it  into 
the  work,  possibly  ruining  the  piece.    When  it  is  desired  to 
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form  a  square  shoulder,  the  hack  must  be  held  with  one  side 
vertical,  as  shown  in  Fig.  20  (<:).  When  it  is  simply  desired 
to  cut  off  the  work  in  order  to  form  separate  billets  or  pieces 
of  metal,  the  hack  is  driven  straight  down,  as  shown  in 
Pig.  20  {d).  The  hack  is  driven  nearly  through  the  piece 
from  one  side,  the  piece  is  then  turned  over,  as  shown  in 
Fig.  20  (g) ,  and  a  small  bar,  equal  in  width  to  the  flat  end  of 
the  cutter  is  placed  as  shown  at  /  and  driven  through  with  a 
single  sharp  blow  of  the  hammer.  This  cuts  out  a  core, 
equal  in  width  to  the  bar  /,  and  so  avoids  the  formation  of  a 
fin  on  either  piece.  Such  a  fin  would  be  very  objectionable 
at  a  weld,  as  it  would  probably  cause  a  defect  in  the  forging 
where  the  weld  was  made. 

For  marking  the  work  at  points  from  which  it  is  to  be 
drawn  down,  that  is,  for  marking  shoulders,  a  piece  of  round 
iron  of  small  diameter  is  frequently 
used,  it  being  driven  into  the  shaft 
by  the  hammer  as  the  shaft  is  slowly 
rotated.  Frequently  a  bar  of  square 
iron  is  used  for  shouldering  down 
work,  but  this  method  leaves  a  sharp 
comer  at  the  bottom,  which  is  liable  to  cause  a  defect  during 
the  subsequent  forging  operations. 

For  nicking  work  cold  under  the  hammer,  a  cold  chisel  of 
the  form  shown  in  Fig.  21  is  frequently  used.  It  consists  of 
a  blunt  triangular  piece  of  carbon  steel  that  is  hardened  and 
tempered  to  a  blue;  it  usually  has  a  round  handle  of  low- 
carbon  steel  or  iron  forged  to  it,  and  the  back  of  the  chisel 
is  somewhat  round,  as  shown  in  the  illustration. 

21.  Svrages. — Sometimes  ordinary  two-part  swaffes 
are  used  for  small  hammer  work;  the  upper  swage  being 
fitted  with  a  handle,  as  shown  in  Fig.  22  (a).  Frequently, 
the  handle  is  drawn  down  flat  near  the  swage,  as  shown 
at  a,  so  as  to  allow  it  to  spring  and  thus  avoid  stinging  the 
hands  of  the  man  holding  it.  When  a  bottom  swage  is 
made  to  go  with  a  top  swage,  it  may  be  provided  with  pro- 
jections or  lugs,  shown  in  Fig.  22  (d),  to  hook  over  the  face 
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of  the  anvil.  In  most  cases,  if  there  are  two  projections  on 
one  side  there  is  only  one  projection  on  the  other  side. 

In   other    cases,   the   top   and   bottom    swages   are   con- 
nected.    Pig.  23  (a)  shows  a  form  in  which  the  bandies  of 
the  swage  are  made  from  1-inch  round  steel  with  a  spring  at 
the  end  6,  made  from 
I"  X  2"  stock.    The 
bandies  <z,  a   in  this 
case   are    about  42 
inches  long.     The 
spring    d   serves    to 
keep  the  two    parts 
of  the  swage  separate 
at  all  times.  Another 
""'"  type   of    swage    is 

shown  in  Fig.  23  {6) .  In  this  case,  the  handles  a,  a  are  about 
4  feet  long,  and  are  made  of  f  X  2"  steel;  they  are  secured 
together  at  the  end  by  a  band  6  and  the  rivet  c.  In  other 
cases,  two  rivets  are  used  in  place  of  the  band  and  rivet;  and 
sometimes,  to  hold  the  two  parts  in  line,  a  small  pin  about 


i  inch  in  diameter  is  passed  through  a  hole  in  the  upper 
handle,  as  shown  at  d,  the  hole  being  at  least  ^  inch 
larger  in  diameter  than  the  pin.  The  pin  is  fastened 
securely  in  the  lower  handle  either  by  tapping  and  screwing 
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it  in,  or  by  locknuts  on  top  and  bottom.  These  guide  pins 
are  quite  necessary  in  the  case  of  swages  that  are  to  do 
fairly  accurate  work. 

For  drawing  work  to  a  taper  under  the  hammer,  a  fuller 
of  the  form  shown  in  Fig.  24  (a)  is  frequently  used.  For 
drawing  down  the  work,  the  fuller  is  held  as  shown  at  a. 
Fig.  24  (f);  while  for  smoothing  the  work,  it  is  turned  over 
and  used  as  shown  at  a,  Fig.  24  (c). 


22.  Dies  for  Steuin  HammerB. — While  in  the  steam 
hammer  plane  or  flat  dies  are  generally  used  for  forging 
work,  forming  dies  are  also  used.  For  instance,  in  the  manu- 
facture of  steel  wheelbarrows,  large  cast-iron  forming  dies  are 
used  on  the  steam  hammer.  The  furnace  for  heating  the 
sheet-steel  pieces  for  the  wheelbarrow  bodies  is  located  close 
to  the  hammer.  When  properly  heated,  one  of  the  sheets  is 
placed  on  the  lower  die,  which  is  concave,  and  held  in  the 
proper  position  by  stop-pins  on  two  sides.  The  upper  die  is 
brought  down  slowly  on  the  lower  die,  and  the  steam  then 
turned  on  to  force  down  the  metal.  The  upper  die  is  then 
raised,  and  one  or  two  light  blows  struck  to  remove  all 
creases  and  cause  the  sheet  to  fit  the  dies  perfectly. 

This  same  method  may  be  used  for  forming  a  large  variety 
of  work,  such  as  elevator  buckets  and  similar  pieces.  The 
steam  hammer  is  also  sometimes  fitted  with  swage  dies  and 
used  for  drawing  down  round  pieces,  such  as  special  axles,  etc. 
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In  Fig.  25,  the  cast-iron  dies  a,c  attached  to  the  steam 

hammer  are  used  for  forming  the  piece  e,  shown  at  the  base 

of  the  hammer.     The  upper  die  is  shown  keyed  to  the  ram, 

or  hammer  head  b,  while  the  lower  die  c  is  keyed  to  the 

anvil.    The  curve^of 

the  lower  die  makes 

the  curve  /  on  the 

piece,  and  the  angle  k 

on    the    upper   die 

makes  the  angle  i  on 

the  piece. 

The  upper  die  in 
the  steam  hammer 
does  not  have  a  fixed 
stroke,  as  in  the  case 
of  some  forging  ma- 
chines, but  the  length 
of  the  stroke  is  con- 
trolled by  the  oper- 
ator. A  mark  may  be 
placed  on  the  ram  or 
hammer  head  and  an- 
other on  the  guide  to 
indicate  the  lowest 
position  of  the  ham- 
mer, otherwise  the 
■"  hammer  may  have  to 

be  stopped  and  the  piece  measured  before  it  is  brought  down 
to  the  finished  size.  An  experienced  man,  however,  may 
depend  on  his  judgment  to  determine  when  the  piece  has 
been  reduced  to  the  proper  size. 


^aovGoOt^lc 


§61  HAMMER  WORK 
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FORGING  WROUGHT  IRON 
23.  Welding  Up  Scrap. — Large  wrought-iron  forgings 
are  generally  made  by  welding  ap  scrap,  because  the 
reworked  metal  shows  a  better  grain  and  a  closer  structure 
than  could  be  obtained  by  new  metal  taken  directly  from  the 
puddling  furnace.  The  scrap  is  sheared,  or  cut  into  pieces 
of  the  required  size,  and  piled  up  on  small  boards,  usually 
about  10  inches  by  18  inches,  as  shown  in  Iron  Forging. 
These  boards,  with  the  scrap  piled  on  them,  are  then  placed 
in  a  heating  furnace  and  the  iron  is  brought  to  a  white  weld- 
ing beat;  this  usually  requires  about  30  minutes  in  a  good 
fire.  Steel  scrap  cannot  be  welded  in  with  wrought-iron 
scrap.  If  any  high-carbon  steel  is 
placed  with  the  wrought-iron  scrap, 
it  will  be  melted  at  the  welding  heat 
of  wrought  iron  and  will  run  out. 
Low-carbon  steel,  however,  will 
sometimes  resist  melting  and  re- 
main  in  the  pile,  but  as  a  rule  it  does  "o.™ 

not  make  a  perfect  weld,  and  hence  should  be  avoided 
whenever  possible.  When  a  pile  has  been  heated  through, 
it  is  taken  from  the  furnace  with  a  large  pair  of  tongs 
and  carried  to  the  hammer.  In  most  cases,  a  steam  helve 
hammer,  like  that  shown  in  Fig.  9,  is  used  for  this  work 
While  the  scrap  is  heating  in  the  furnace,  a  bar  of  iron, 
called  a  staff,  is  prepared  for  a  handle  by  having  one  end 
brought  to  a  welding  heat  in  a  separate  furnace.  When  both 
the  staff  and  the  scrap  are  heated  properly,  the  staff  is  placed 
on  the  mass  of  scrap  on  the  anvil,  so  that  the  first  blows  of 
the  hammer  weld  them  together.  The  staff  is  then  used  for 
(landling  or  moving  the  pile  as  it  is  forged  dowQ.    The  staff 
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is  cut  off  with  a  hack  when  the  forging  is  completed.  The 
resultinjr  forging  made  by  welding  up  scrap  is  called  a 
slab,  or  Bhintele  slab.  Fig.  26,  and  the  operation  is  fre- 
quently called  shingling  or  fagoting. 

A  good  sound  iron  forging  can  be  built  up  of  relatively 
small  slabs;    Pig.  27   shows  the   end,  sometimes  called   a 


crop  end,  cut  from  a  large  shaft  forged  from  iron  slabs. 
The  crop  end  shown  was  only  8  inches  long,  and  yet  the  cir- 
cumference, which  was  rough-turned,  showed  good  metal 
almost  to  the  end.  On  the  back  or  flat  side,  not  shown, 
where  it  was  cut  off,  the  metal  was  perfectly  uniform,  there 
being  no  visible  indication  of  cracks  between  the  slabs  from 
which  the  piece  was  made. 

24.  Maklnfc  Axles. — For  forging  car  axles,  three  or 
more  shingle  slabs  containing  the  requisite  amount  of  iron 
are  piled  up,  placed  in  the  furnace,  and  brought  to  a  welding 
heat.  For  an  axle  that  is  to  weigh,  say,  630  pounds  in  the 
rough,  two  225-pound  slabs  and  one  180-ponnd  slab  may  be 
taken.  The  lighter  or  thinner  slab  is  placed  between  the 
others,  because  this  method  has  been  found  to  make  a 
stronger  axle.  It  takes  from  30  to  40  minutes  to  bring  such 
a  pile  to  a  welding  heat.  The  three  slabs  are  then  taken  out 
of  the  furnace,  placed  under  the  hammer,  and  a  little  more 
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than  half  of  the  len^^th  welded  together  and  brought  to  near 
the  finished  size.  After  the  pieces  have  been  struck  a  few 
blows  on  the  flat  to  weld  them  together,  they  are  forged 
square,  then  octagonal,  and  finally  round.  This  is  termed 
rough  welding,  or  simply  roughing. 

After  one  end  of  the  piece  has  been  rough-welded,  the 
other  end  is  placed  in  the  furnace,  with  about  a  foot  of  the 
welded  end  projecting  to  serve  as  a  handle.  After  from 
10  to  15  minutes  of  heating,  it  is  removed,  put  under  the 
hammer,  and  the  other  end  welded  down,  drawn  out 
square,  then  octagonal,  and  finally  round.  This  end  is  then 
forged  to  the  finished  size.  The  piece  is  then  reversed, 
reheated,  and  the  end  that  was  first  rough-welded  is  forged 
to  the  finished  form. 

25.  Forging  liorge  Iron  Btaafts. — For  forging  very 
large  shafts,  slabs  are  placed  on  the  thin  end  of  the  porter  bars. 
These  slabs  are  piled  on  the  end  of  the  porter  bar,  brought 
to  a  welding  heat,  welded  together,  and  forged  into  the  shape 
of  the  required  shaft.  The  end  is  then  brought  down  to  a 
shovel  shape,  another  set  of  slabs  piled  on,  heated  and 
welded,  the  operation  being  repeated  until  the  shaft  is  of 
the  required  length.  As  already  pointed  out,  in  forging 
such  a  shaft  from  iron,  only  sufficient  work  to  penetrate  the 
piece  being  welded  and  to  insure  a  perfect  weld  is  necessary; 
hence,  only  a  sufficient  number  of  fagots  are  piled  up  to 
make  the  forging  slightly  in  excess  of  the  required  diameter, 
as  this  very  greatly  reduces  the  work  of  forging  the  shaft  to 
the  finished  size. 

When  DO  porter  bar  is  nsed  for  starting  the  shaft,  it  will 
be  necessary  to  pile  up  several  slabs,  weld  them  together, 
flatten  out  the  end,  and  use  this  as  a  staff  or  porter  bar  for 
forging  the  shaft.  The  piece  used  as  a  porter  bar  must 
always  be  round,  so  that  it  can  turn  in  a  sling  chain  as  the 
work  is  moved  under  the  hammer.  Shafts  are  usually 
forged  up  under  large  double-frame  steam  hammers,  as  the 
steam  helve  hammer  is  scarcely  ever  heavy  enough  for  this 
work, 
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FORGING  LOW-CABBON  8TEBI. 

26.  Precantions  lu  Forgliiir  Steel. — In  forging  steel 
the  following  important  precautions  should  be  observed: 
Tbe  ingot  is  essentially  a  coarse-grained  steel  casting,  and 
to  convert  it  into  steel  of  the  best  quality  it  must  undergo 
considerable  forging,  in  order  to  produce  a  dense  structure 
and  bring  out  the  best  qualities.  In  practice,  it  has  been 
tound  that  for  round  work  the  ingot  must  be  at  least  one 
and  one-half  times  the  diameter  of  tbe  finished  forging,  and 
it  is  even  better  to  have  it  slightly  larger. 

The  hammer  or  press  under  which  the  forging  is  done 
must  be  sufficiently  powerful  to  affect  the  ingot  to  its  center 
from  the  very  first  of  the  work,  and  the  effect  of  this  com- 
plete working  will  be  shown  by  the  bulging  of  the  central 
portion  of  the  end  of  the  piece  being  forjed. 

In  heating  Steel  for  forging,  it  must  bt.  heated  slowly,  but 
without  undue  soaking,  that  is,  without  heating  longer  than 
is  necessary.  If  a  cold  ingot  is  placed  in  the  furnace  and 
heated  rapidly,  the  outside  may  be  expanded  so  rapidly  that 
it  will  be  torn  from  the  interior.  Any  cracks  caused  by 
this  sudden  heating  will  form  serious  defects  in  the  forging. 
The  proper  temperature  for  forging  varies  with  the  character 
of  the  steel,  and  especially  with  the  percentage  of  carbon  it 
contains.  The  temperature  must  not  be  near  the  melting 
point,  and,  on  the  other  hand,  must  always  be  well  above  the 
point  of  recalescence. 

27.  Welding  Bteel. — Steel  billets,  blboms,  or  ingots 
should  never  be  welded  together  to  build  up  a  forging,  as  it 
is  practically  impossible  to  obtain  a  perfect  weld  on  large 
work.  In  building  up  forms  of  structural  shapes,  however, 
it  is  frequently  necessary  to  weld  pieces  together,  especially 
in  ship  construction.  Angles,  channels, 'deck  beams,  and 
other  structural  shapes  are  frequently  welded  together  when 
making  such  pieces  as  frames  for  bulkhead  doors,  and  other 
similar  parts  of  ships.  This  welding  is  usually  effected  by 
first  scarfing   and   fitting   the    surfaces   properly,  and   then 
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heating  and  welding  them  without  a  flux.  Such  a  weld  will 
not  be  as  strong:  as  the  unwelded  portion  of  the  piece, 
because  the  heat  necessary  for  making  the  weld  opens  the 
grain  of  the  steel  to  such  an  extent  as  to  damage  it  and 
somewhat  decrease  its  tensile  strength. 

28.  Forging  Press. — Owing  to  the  structure  of  steel 
and  to  the  fact  that  every  blow  must  penetrate  to  the  center 
of  the  forging,  it  is  necessary  that  the  blows  should  have 
some  duration.  The  steam  hammer  produces  a  good  sur- 
face on  the  forging  but  the  energy  of  the  blow  is  not  con- 
tinuous enough  to  affect  the  center  as  thoroughly  as  it 
should.  This  can  be  remedied  somewhat  by  driving  the 
hammer  more  slowly,  and  following  the  piston  with  the  full 
steam  pressure  clear  to  the  end  of  the  stroke.  The  steam 
hammer  gives  very  good  results  on  small-  and  medium- 
sized  forgings. 

The  hydraulic  forging  press  is  better  than  a  steam  ham- 
mer for  forging  steel,  because  it  gives  a  powerful  squeeze 
instead  of  a  sharp  blow.  It  is  used  for  forging  very  large 
shafts,  armor  plate,  and  similar  oieces.  Such  a  press,  with 
the  necessary  pump  and  fittings,  however,  is  very  expensive, 
and  its  use  would  pay  only  where  a  considerable  number  of 
large  pieces  are  to  be  forged.  Various  types  of  forging 
machines  have  been  brought  out  recently,  operated  either 
by  steam  or  by  hydraulic  pressure,  which  are  used  for 
squeezing  steel  into  the  desired  shape;  they  give  remarkably 
good  results.  Some  machines  of  this  class  are  described  in 
Machitu  Forging. 

29.  Fopglng  Crank-Shafts. — Whenever  it  is  possible 
to  do  so,  crank-shafts  are  forged  in  pairs,  as  the  two  cranks 
serve  to  balance  each  other  when  the  work  is  turned  during 
the  forging.  An  ingot,  or  bloom,  large  enough  to  make 
both  pieces  is  used  and  the  finished  forgings  are  separated 
by  cutting  them  apart  on  the  slotting  machine.  In  Pig.  28, 
a  crank  forged  tn  this  way  is  shown.  The  ordinary  crank- 
shaft should  be  forged  of  steel  containing  from  .30  to  ..35  per 
cent,  carbon.     One  end  of  the  bloom  is  first  heated,  and  a 
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triangfular  hack  is  driven,  with  the  steam  hammer,  into  the 
hot  steel  at  a,  Pig.  29.  The  back  should  be  made  of  such  a 
height  that  it  can  be  driven  its  entire  depth  without  danger 
of  cutting  deeper  than  is  required.  The  end  of  the  shaft 
from  a  to  ^  is  then  drawn  out  under  the  hammer.     It  is 


first  drawn  square,  then  octagonal.  The  hack  is  next  driven 
into  the  piece  at  c,  and  the  piece  turned  over  and  the  hack 
driven  in  at  d.  The  part  between  c  and  d  is  then  driven 
over  and  drawn  out,  first  square,  then  octagonal,  to  form  the 


part  between  c  and  d.  Fig.  30.  The  piece  is  next  returned 
to  the  furnace  and  the  other  end  heated.  It  is  then  taken 
back  to  the  hammer  and  the  hack  driven  in  at  e.  Fig.  30, 
and  the  end  /drawn  down  square,  then  octagonal,  andfinall; 


-T-^- 
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round;  the  central  portion  erf  is  also  rounded  up.  The 
work  is  again  reversed,  the  other  end  heated,  and  the 
portion  ab  rounded  up.  After  the  forging  is  cooled,  it  is 
sent  to  the  slotter  and  cut  off  on  the  line  gk.  The  inside 
portions  of  the  cranks,  at  ijkl  and  mnop,  are  not  forged 
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out,  but  are  left  io  the  forging  as  solid  blocks.  They  are 
then  removed  by  drilling  holes  and  slotting  oat  the  main 
portion  of  the  metal  in  the  machine  shop. 

Where  only  a  single  crank  is  to  be  made,  it  is  necessary 
to  attach  a  balance  weight  to  the  work  or  to  the  tongs. 
Large  steel  forgings  cannot  be  handled  with  the  porter  bar, 
as  can  iron  forgings,  because  it  is  not  possible  to  weld  the 
shaft  to  the  bar.  The  shaft  is  usually  gripped  with  a  pair 
of  special  tongs  or  clamps  having  a  long  bar  or  handle  that 
takes  the  place  of  the  porter  bar.  In  some  cases,  a  long 
beam  of  hardwood  is  attached  to  the  end  of  the  clamps,  and 
the  stocks  attached  to  this. 

30.  Forgrlng  a  Connecting-Hod. — Whenever  it  is  pos- 
sible to  do  so,  it  is  best  to  forge  connecting-rods  in  pairs, 
with  their  larger  ends  connected.  This  makes  it  possible  to 
use  one  of  the  connecting-rods  as  a  porter  bar  or  handle  for 
holding  the  other  during  the  forging;  also  the  large  eads 
adjoining  each  other  can  be  forged  at  the  same  time  under 
the  hammer,  and  both  ends  can  be  forged  in  approximately 
the  time  it  would  take  to  forge  one.  Two  rods  joined  in 
this  way  are  shown  in   Fig.  31.     After   the  forgings  are 


PIO.S1 

completed  they  are  cut  apart  at  a  in  the  machine  shop.  The 
rods  from  which  this  sketch  was  made  were  each  about 
14  feet  long,  and  the  large  end  of  each  rod  about  12  inches 
by  24  inches,  and  the  small  end  about  12  inches  by  20  inches. 
The  work  of  forging  was  done  under  a  12-ton  hammer. 
The  method  of  forging  two  pieces  together  and  then  cutting 
them  apart  is  one  that  can  be  applied  to  advantage  to  a  very 
large  variety  of  work.  It  will  effect  a  saving,  first,  in  the 
time  necessary  for  beating,  second,  in  the  time  necessary  for 
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forgine  the  adjacent  parts,  third,  by  facilitating  the  handling 
of  the  work  by  giving  balance  to  work  that  is  heavier  on  one 
side,  and  fourth,  by  reducing  the  amount  of  stock  wasted. 

31.  Hollow  FoFKlng. — Hollow  shafting  is  being  used 
very  extensively  for  main  shafts  of  large  engines  where 
lightness  and  strength  are  desired.  The  advantages  of  a 
hollow  shaft  are  that  it  is  considerably  stronger  and  stifier 
than  a  solid  shaft  containing  the  same  amount  of  metal. 
Shafts  made  in  this  manner  possess  another  advantage,  as 
the  impurities  that  tend  to  collect  at  the  center  of  the  ingot, 
making  the  steel  weaker  and  poorer,  are  removed  and  only 
the  best  part  of  the  ingot  remains  in  the  shaft.  The  first 
hollow  shafts  were  made  by  boring  out  the  finished  forging. 
In  order  to  make  a  hollow  forging  in  this  way,  it  is  neces- 
sary to  have  a  forging  hammer  or  press  that  will  affect  the 
metal  clear  through. 

Forgings  having  holes  larger  than  9  inches  in  diameter  can 
be  made  as  follows:  After  the  ingot  has  been  cast,  the  upper 
or  crop  end  with  its  impurities  is  cut  off;  a  hole  is  then 
bored  through  the  center  of  the  ingot  which  removes  any 
piping,  together  with  the  impurities  that  have  collected  at 
the  center.  After  the  hole  has  been  bored,  the  ingot  is 
heated,  and  when  at  the  proper  temperature  is  taken  from 
the  furnace  and  a  water-cooled  mandrel  is  forced  into  the  hole. 
The  piece  ia  then  placed  under  a  hammer  or  forging  press, 
and  drawn  out  or  worked  down  to  the  required  size.  The 
result  is  very  much  as  though  an  anvil  had  been  introduced 
into  the  center  of  the  work.  A  given  pressure  from  the 
forging  press  will  produce  more  than  twice  the  effect  that  it 
would  on  a  solid  ingot  of  the  same  diameter,  as  it  will  only 
have  to  act  on  the  two  relatively  thin  portions  above  and 
below  the  mandrel.  In  forging  a  hollow  shaft,  one  of  the 
forging  press  dies  is  usually  V-shaped  and  the  other  flat,  so 
that  at  each  stroke  of  the  press  the  steel  is  worked  at  three 
points  about  the  mandrel. 

Of  course,  hollow  forgings  can  only  be  made  in  shops 
equipped  for  the  heaviest  work,  and  the  process  of  making 
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them  is  expensive.  For  many  classes  of  work,  however,  it 
has  been  fotind  cheaper  to  pay  the  price  for  a  high-grade 
hollow  forging  than  to  use  a  solid  forging.  The  strength  of 
a  hollow  forging  is  greater  than  that  of  a  solid  forging  of 
the  same  weight,  and  hence  a  smaller  weight  of  material  will 
be  required  for  a  forging  of  the  same  strength.  Another 
advantage  in  forging  large  shafts  hollow,  is  that  large  solid 
forgings  cannot  be  successfully  oil-treated,  but  when  the 
center  of  the  work  has  been  removed,  it  can  be  treated  very 
successfully,  

WELDING  BTEEt  TO  IRON 
32.  In  welding  steel  to  wrought  iron,  the  characteristics 
of  both  must  be  considered.  Iron  welds  at  a  white  heat,  but 
steel  must  not  be  raised  above  a  bright  red  heat.  Sand  is 
ordinarily  used  as  a  flux  in  welding  iron,  but  if  any  fiux  at 
all  is  required  in  welding  steel  it  must  be  more  fusible,  and 
hence  calcined  borax  is  very  largely  used.  Ordinary  borax 
wilt  bubble  when  heated,  due  to  the  escape  of  the  contained 
water,  but  if  borax  is  placed  in  an  iron  pot  and  melted,  the 
water  will  be  expelled,  and  the  cooled  material  can  be  pow- 
dered and  used  as  a  flux.  This  is  called  calcined  borax,  and 
sometimes  borax  glass. 


In  welding  steel  to  iron,  the  pieces  must  be  heated  in  a 
clean  fire  and  the  temperature  raised  slowly  to  the  welding 
heat.  A  cleft  weld  is  to  be  preferred;  the  steel  being  on  the 
inside  as  shown  at  a.  Fig.  32,  and  the  iron  on  the  outside. 
The  cleft  in  the  piece  of  iron  b  should  be  long  enough  so  that 
the  ends  can  be  closed  down  over  the  outside  portion  of  the 
steel  piece,  as  shown  at  c.  This  serves  to  hold  the  pieces 
together  while  they  are  being  welded.     The  pieces  are  each 
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brought  to  the  proper  heat,  that  is,  the  iron  to  a  white  heat 
and  the  steel  to  a  bright  red,  the  borax  flux  applied  to  the 
steel,  and  the  steel  driven  into  the  cleft  of  the  iron,  after  which 
the  edges  c,  c  are  turned  down  and  the  weld  then  completed. 


FORGINO    HIOH-CARBON   STEEIi 

33t  In  forging  high-carbon  steel,  the  following  facts 
should  be  kept  in  mind:  The  purity  of  the  steel  depends 
very  largely  on  the  process  of  manufacture.  The  purer  the 
steel,  the  easier  it  can  be  forged;  the  bad  effects  of  such 
elements  as  sulphur  and  phosphorus  are  reduced  to  the  least 
possible  amount  in  the  purer  steel  because  only  very  small 
percentages  of  these  elements  are  present.  High-carbon 
steel  has  a  much  greater  strength  in  tension  than  low-carbon 
steel,  and  necessarily  is  much  less  ductile.  Very  large  for-  ■ 
gings  are  rarely,  if  ever,  made  fr»m  high-carboo  steel,  but  in 
all  forging  operations  it  will  be  found  that  the  high-carbon 
steel  has  a  much  harder  structure,  both  when  cold  and  when 
hot;  more  care  must  be  taken  in  heating  it,  and  a  piece  of 
given  thickness  will  require  a  much  heavier  hammer,  for 
good  results,  in  forging  than  is  the  case  with  a  softer  steel. 
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THE  WORKING  OF  METALS  BY 
MACHINE 

1.  Definition  and  Scope  ot  Machine  Forging. — In 

its  broadest  sense,  machine  forging  is  the  working  of 
metal,  either  hot  or  cold,  hy  means  of  a  machine,  causing  it 
to  flow  in  such  a  way  as  to  give  it  some  desired  shape, 
either  by  slowly  applied  pressure  or  by  blows.  It  is 
impossible  to  exclude  from  this  machiue  process  of  working 
metals,  an^  forming  operations  on  cold  metals,  as  it  has 
been  found  advantageous  to  work  metals  at  temperatures 
varying  from  ordinary  atmospheric  temperature  to  about 
2,000°  P.  Low-carbon  steel,  certain  brass  alloys,  and  alumi- 
nnm  are  frequently  pressed,  rolled,  or  punched  cold.  Zinc  is 
most  easily  worked  at  a  temperature  of  between  300°  and 
400°  F.  Aluminum  can  be  drop-forged  at  a  temperature 
slig^htly  below  a  dull  red  heat,  but  it  is  very  difficult  to 
maintain  it  at  exactly  the  required  temperature.  Copper 
can  be  forged  hot,  and  pure  annealed  copper  can  be  formed . 
cold  by  pressing.  From  this  it  will  be  seen  that  machine 
forging  operations  are  exceedingly  varied  in  their  nature. 

2.  Classification  of  Forging  Uachlnes. — Forging 
machines  m?y  be  divided  into  three  general  classes:  rolls, 
drop  hamnursy  and  presses.  Power  and  steam  hammers  are 
sometimes  used  with  dies  for  machine  forging,  but  not  as 
extensively  as  drop  hammers. 

C^]>ri£Uid  tn  fnltrnaliaal  Tixiboak  Company.    Enltrtd  al  SUiitnets'  Hall,  ttmOm 
to 
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ROIXINO    OPBBATIOKS 

3.  Boiling:  Bars. — Wrought  iron  leaves  the  puddling 
furnace  in  the  form  of  a  ball,  from  which  the  slag  is  forced 
by  the  squeezer  to  form  the  bloom.  To  reduce  this  bloom 
to  the  desired  form  and  size,  it  is  passed  through  succes- 
sive grooves  in  rolls.  A  train,  or  set,  of  three  high  roth 
is  shown  in  Pig.  1.  Power  is  furnished  to  the  machine 
by  connecting  shaft  a  directly  to  some  source  of  power, 
usually  an  engine  or  a  motor;  this  drives  the  middle  roll  e; 
the  top  and  the  bottom  rolls  are  driven  from  the  same  shaft 
by  gearing  located  between  the  housings  b  and  c. 


As  the  rolls  must  be  connected  to  the  gears  by  a  some- 
what flexible  arrangement,  a  special  form  of  universal  coup- 
ling, known  as  a  wabbler,  is  used;  the  fluted  shafts  on  the 
ends  of  the  rolls  are  known  as  wabbler  heads.  This  coup- 
ling d  is  made  by  fitting  a  sleeve  over  the  ends  of  the  two 
fluted  shafts  that  are  to  be  connected  and  fastening  it  so  as 
to  allow  the  necessary  play.  In  rolling  the  stock  it  is  first 
passed  through  the  first  groove  between  the  middle  and 
bottom  rolls.  As  the  middle  roll  always  turns  in  one  direc- 
tion, the  top  and  bottom  rolls  always  turn  in  the  opposite. 
After  the  work  is  passed  through  the  first  groove  between 
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the  middle  and  bottom  rolls,  it  is  returned  through  the  first 
groove  between  the  middle  and  top  rolls.  In  the  case  ol 
very  heavy  work,  an  automatically  operated  carriage  is 
used  to  raise  the  end  of  the  bar  for  its  upper  pass.  After 
the  bar  has  passed  through  and  back  again,  it  is  sent  through 
the  second  groove  between  the  middle  and  bottom  rolls, 
returned  through  the  corresponding  groove  in  the  upper 
rolls,  and  so  on  until  it  is  reduced  to  the  proper  size  and  form. 
The  bloom  as  it  comes  from  the  squeezer  is  approxi- 
mately round,  as  shown  in  Fig.  2  (a).  In  rolling  a  round  bar, 
it  is  somewhat  oval  after  the  first  pass  through  the  rolls,  as 
shown  in  Fig.  2  (^).  When  it  is  returned  to  the  rolls,  guides 
that  act  against  the  ends  a,  i.  turn  the  rod  so  that  it  enters 
the  rolls  with  the  long  diameter  a,  b,  vertical,  as  indicated  by 


the  full  lines  in  Fig.  2  (c),  and  leaves  them  squeezed  down 
with  the  short  diameter  a',  V  vertical,  as  indicated  by  the 
dotted  lines.  Each  succeeding  pass  produces  a  smaller 
oval,  tintil  the  last  pass,  for  which  the  grooves  are  so 
atranged  that  the  bar  comes  out  round.  If  it  were  not  for 
this  method  of  rolling  down  successive  ovals,  it  wottid  be 
difficult  or  impossible  to  gradually  reduce  the  cross-section 
of  the  bar,  and  at  the  same  time  insure  an  even  working  of 
all  parts  of  the  metal. 

Square,  rectangular,  and  structural  shapes,  such  as  I  beams, 
angle  iron,  channels,  etc.,  that  are  used  in  buildings,  bridges, 
and  other  structures,  are  made  with  rolls  having  suitably 
shaped  grooves.  In  many  cases,  however,  the  metal  is 
worked  down  from  the  ingot  or  bloom  to  approximately  the 
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required  area  with  a  square  cross-section,  and  then  passed 
through  a  series  of  forming  rolls  that  gradually  bring  it  to 
the  proper  shape.  This  preliminary  square  rolling  insures 
the  proper  working  of  all  parts  of  the  metal  before  it 
receives  its  final  forming. 

4.  Boiling  Plates. — For  rolling  plates  of  steel  or  other 
metals,  or  for  rolling  down  ingots  of  such  metals  as  gold, 
silver,  German  silver,  etc.,  plain  cylindrical  rolls  like  those 
shown  in  Pig.  3  are  used.     In  this  case,  the  roll  faces  a,  a 


are  parallel,  and  the  ingot  is  passed  between  the  guides  b,  b. 
After  the  ingot  has  been  passed  between  the  rolls,  it  is 
returned  over  the  top.  In  some  cases,  especially  when 
handling  large  plates,  the  rolls  are  made  so  that  their  direc- 
tion of  rotation  can  be  reversed,  and  after  the  piece  has 
passed  between  them  it  is  returned  by  reversing  the  motion; 
this  is  accomplished  either  by  suitable  clutches  or  by  revers- 
ing the  motor.  In  Fig.  3,  the  wabbler  heads  on  the  rolls  are 
shown  at  c.  The  screws  rf,  d  are  provided  for  adjusting  the 
distance  between  the  rolls.  In  rolling  most  metals  cold,  it  is 
necessary  to  anneal  the  metal  occasionally,  sometimes  alter 
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only  a  few  passes  between  the  rolls.  When  the  metal  begins 
to  crack  at  the  edges,  it  is  generally  considered  to  have 
reached  a  point  where  it  is  necessary  for  it  to  be  annealed. 

5.  Graded  Boiling. — Special  rolls  are  freqaently  used 
for  producing  work  of  varying  thickness;  this  is  really  for- 
ging with  revolving  dies,  and  is  called  jp-aded  rolling. 
Usually,  graded  rolling  is  accomplished  by  passing  a  piece 
of  metal  lengthwise  between  a  pair  of  rolls,  one  or  both  of 
which  are  more  or  less  eccentric  or  have  dies  attached,  so  as 
to  give  the  finished  piece  a  tapered  form  or  a  varying  thick- 
ness. Silver,  German  silver,  and  brass  may  be  rolled  cold; 
bnt  iron  and  steel  are  usually  rolled  hot.  In  some  cases, 
the  stock  is  simply  passed  throngh  the  rolls,  that  is,  the 
piece  is  placed  against  a  guide,  which  serves  to  locate  it 
properly  before  starting  through  the  rolls;  the  rolls  then  grip 
it  and  carry  it  from  the  operator,  requiring  no  further  atten- 
tion from  him.  In  other  cases,  the  rolls  are  provided  with 
dies,  and  revolve  so  as  to  draw  the  work  toward  the  operator; 
the  dies  on  the  surface  of  the  rolls  are  cut  away  for  a  portion 
of  their  circumference,  so  as  to  leave  a  wide  space  between 
the  rolls  once  in  every  revolution.  The  rolls  turn  con- 
tinuously, and  when  the  wide  space  appears  the  operator 
quickly  passes  the  work  between  them.  As  the  rolls  turn, 
the  dies  come  together,  grip  the  work,  and  roll  it  forwards 
toward  thie  operator.  The  advantage  of  using  a  machine 
in  which  the  work  is  done  by  rolling  the  material  toward 
the  operator  is  that  where  several  passes  are  required  all 
work  can  be  done  by  one  man,  while  with  rolls  carrying 
the  work  away  from  the  operator  it  is  necessary  to  have  a 
man  at  the  back  of  the  machine  to  return  the  partially  worked 
pieces.  Graded  rolling  is  sometimes  done  to  break  down 
stock  or  rough  it  to  shape,  so  that  it  may  be  finished  by  drop 
forging. 

6.  Example   of   Kolling   With   Dies. — Some   of   the 

operations  in  the  making  of  spoons  furnish  an  excellent 
illustration  of  graded  rolling  with  dies.  The  blanks  are 
punched  from    a  sheet  i  inch  thick,  in  the  form  shown  m 
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Pig.  4;  the  piece  a  is  waste,  and  6,  c,  d,  e,  /,  and  g  are  spoon 
blanks.  The  large  end  of  the  spoon  blank,  which  is  to 
form  the  bowl,  is  first  made  wider 
by  cross-rolling;  this  is  done  in 
some  cases  by  passing  the  blank 
sidewise  between  rolls  about  6  or  8 
inches  in  diameter,  the  rolls  being 
located  between  housings,  as 
shown  in  Fig.  5.  A  part  of  each 
roll  is  made  smaller  in  diameter,  that  is,  it  is  cut  away  so  as 
to  clear  the  spoon  handle, 
shown  at  b.  The  portions 
rrof  the  rolls  do  the  cross- 
rolling;  the  rolls  are  con- 
nected by  suitable  gears, 
which  are  placed  on  the 
ends  of  the  roll  shafts. 
In  other  cases,  the  cross- 
rolling  is  done  between 
overhanging  rolls,  as 
shown  in  Fig.  6;  these  rolls 
are  10  or  12  inches  in  diam- 
eter, to  insure  the  neces- 
sary stiffness.  The  portion  of  the  rolls  between  the  housings 
are  frequently  used 
for  other  work.  Driv- 
ing gears  are  located 
on  the  ends  of  the  roll 
shafts  at  the  side  g. 
After  the  bowl  of 
I  the  spoon  is  cross- 
rolled,  both  the  bowl 
'  and  the  handle  are 
lengthened  by  graded 
rolling.  The  graded 
'"°"  rolls  for  this  class  of 

work  are  made  with  a  portion  of  their  surface  cut  away,  so 
that  the  piece  may  be  placed  through,  and  against  a  stop, 
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before  the  rolls  grip  it.  The  rolls  must  be  so  designed  that 
they  will  operate  only  on  the  portion  of  the  work  for  which 
they  are  intended.  In  other  words,  each  style  of  bowl  and 
each  style  of  handle  requires  different  rolls.  ■  The  handles 
for  forks  are  also  rolled  in  this  manner.  In  most  cases,  the 
work  is  passed  through  the  rolls  away  from  the  operator  and 
allowed  to  fall  out  on  the  other  side. 

7.     Rolling  Hine  Barrels. — Rifle  barrels  made  of  nickel 
steel  are  rolled  from  billets  that  are  heated  in  a  furnace  and 


then  passed  through  successive  grooves  in  a  pair  of- special 
eccentric  or  graded  rolls,  until  the  barrel  is  reduced  to  the 
proper  size  and  has  the  required  taper.  As  the  billet  passes 
through  the  first  groove,  it  is  seized  by  a  man  at  the  back 
and  passed  over  to  a  man  in  front.  The  work  passes 
between  the  rolls  with  the  large  end  first,  passing  once 
through  each  groove,  except  the  last,  through  which  it  is 
passed  twice;  the  work  is  given  a  quarter  turn  between  each 
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two  passes.     As  soon  as  the  barrel  is  rolled  to  size,  it  is 
made  the  proper  length  by  sawing  off  the  ends. 

8.  Special  Graded  Bolllngr.— A  pair  of  graded  rolls 
fitted  with  dies  for  special  forging  work,  on  either  hot  or  cold 
metal,  is  shown  in  Fig.  7.  These  rolls  are  provided  with 
nuts  and  collars,  between  which  the  rolling  dies  are  clamped. 
The  dies  can  be  removed  and  changed  at  will,  so  that  a  large 
variety  of  work  can  be  done  on  one  pair  of  rolls.  The  rolls 
turn  so  that  the  work  is  run  toward  the  operator,  and,  as  the 
dies  do  not  extend  over  the  entire  circumference  of  the  rolls, 
the  metal  is  passed  between  them  at  the  time  in  the  revolu- 
tion when  the  dies  are  out  of  the  way.  The  work  is  located 
by  guides,  which  control  its  position  both  vertically  and  hori- 
zontally. When  rolling  hot  metals,  the  location  is  deter^ 
mined  by  a  stop  a  on  the  tongs.  Figs.  7  and  8.  It  will  be 
noticed  that  this  is  simply  a  clamp  screwed  to  the  tongs;  it 


Fia.t 

is  brought  against  a  guide  fastened  to  the  front  of  the  rolls, 
to  show  how  far  the  iron  should  be  pushed  in  between  the 
rolls.  Sometimes  the  end  of  the  tongs  strikes  the  guide,  and 
this  serves  to  locate  the  work.  After  the  work  has  been 
placed  in  position,  the  revolving  dies  catch  the  piece  and  roll 
it  toward  the  operator.  As  soon  as  the  dies  leave  the  piece, 
the  operator  puts  it  in  position  for  a  second  pass  through  the 
rolls,  either  giving  it  a  quarter  turn  and  returning  it  through 
the  same  groove,  or  giving  it  a  quarter  turn  and  placing  it 
in  the  next  groove;  in  this  way  the  work  is  continued  until 
completed.  In  the  machine  shown  in  the  illustration,  there 
are  three  grooves,  and  the  work  is  given  two  passes  in  the 
first  groove,  two  in  the  second,  and  three  in  the  third  groove. 
In  Fig.  9  is  shown  the  back  of  the  machine  shown  in 
Fig.  7.  In  this  view,  the  dies  a,  a  are  clamped  between  the 
nuts  6, 6  and  the  collars  c,  c  on  the  other  ends  of  the  rolls. 
The  work  d  is  shown  in  position  ready  for  the  dies  to  grip  it 
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as  they  come  around  to  the  proper  point;  the  arrows  show 
the  direction  in  which  the  rolls  are  turning.  A  peculiar 
arrangement  of  gearing  is  used  for  driving  these  rolls,  which 
admits  of  the  adjustment  of  the  distances  between  the  rolls; 
this  is  accomplished  by  driving  the  top  roll  by  a  train  of 


three  gears,  one  being  an  idler  swinging  about  one  of  the 
others  and  meshing  with  both. 

9.  8crew-Tliread  KolllnK- — The  threads  on  wood 
screws,  track  bolts,  machine  screws,  and  many  other  screws 
and  bolts,  from  small  sizes  up  to  li  inches  in  diameter,  are 
frequently  rolled  on  the  cold  rod  stock  or  on  headed  blanks. 
The  thread  is  formed  by  rolling  the  stock  between  suitable 
dies,  with  sufficient  pressure  to  force  the  material  out  of  the 
grooves  to  form  the  thread  points.  That  is,  the  cold  metal 
is  caused,  by  the  pressure  on  the  dies,  to  flow  from  the 
bottom  of  the  spaces  and  form  the  full  thread.  It  is  in 
reality  a  cold-forging  process. 

Fig.  10  shows  how  the  metal  is  displaced  by  the  dies  to 
form  the  thread  on  the  bolt  a;  the  dotted  line  be  shows  how 
deep  the  dies  press  into  the  stock,  and  also  how  the  diameter 
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is  increased  on  accoant  of  the  thread.  As  the  finished  thread 
mtist  have  a  definite  diameter,  it  is  very  important  that  the 
stock  used  should  be  of  the  right  size;  if  the  stock  is  large 
the  screw  will  be  too  large,  and 
if  too  small  the  screw  will  either 
be  too  small  or  the  threads  will 
not  be  perfect. 

In  the  screw-thread  rolling  ma- 
chine, the  dies  are  placed  as  shown 
in  Fig.  11,  with  the  moving  die  at  a 
and  the  stationary  die  at  b;  both 
dies  are  clamped  in  place  with 
their  cutting  faces  vertical.  At  c 
is  shown  a  blank  just  about  to  be 
started  between  the  dies  by  the 
p,Q  jp  pusher  d,  which  is  operated  so  as 

to  start  the  blank  into  the  dies 
when  the  moving  die  has  reached  the  right  point  in  its  stroke. 
The  stationary  die  is  held  in  place  in  the  machine  frame,  while 
the  moving  die  is  attached  to  a  head  that  slides  back  and 


forth  past  the  stationary  die,  and  is  operated  by  a  crank  on 
a  shaft  that  receives  its  power  from  a  belt.     The  moving 
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head  slides  between  guides  that  keep  the  dies  at  the  proper 
distance  apart.  The  bolt  or  screw  blank  is  placed  between 
the  dies  in  a  verfical  position  and  is  held  during  the  threading 
process  by  the  pressure  of  the  dies.  In  forming  the  thread, 
the  blank  rolls  from  one  end  of  the  stationary  die  to  the  other 
and  then  drops  out  of  the  machine  with  a  finished  thread. 

The  threads  on  the  dies  are  laid  off  at  an  angle  as  shown 
in  Fig.  12,  which  is  a  die  for  forming  a  right-hand  thread. 


The  length  of  the  die  is  about  three  or  four  times  the  cir- 
cumference of  the  blank  so  that  the  screw  will  turn  around, 
between  the  dies,  about  that  number  of  times  in  forming 
the  thread. 

Screw  threads  are  rolled  on  many  other  small  pieces,  the 
material  being  either  hot  or  cold,  depending  on  the  size  and 
character  of  the  article.  The  rolled  thread  is  claimed  to  be 
much  stronger  than  a  cut  thread,  but  it  is  exceedingly  difficult 
to  keep  dies  in  shape  for  rolling  threads  on  hot  stock;  hence, 
this  process  is  used  mostly  for  rolling  articles  cold,  and 
having  no  sharp  corners  in  their  cross-section. 

10.  Bending  Rolls. — In  shops  where  large  curved 
work  is  made,  a  set  of 
bending  rolls  is  nec- 
essary. It  consists  of 
three  rolls  so  arranged 
that  one  of  them  can  be 
pressed  down  between 
the  other  two.  A  plate 
of  metal  passed  through 
the6e  rolls  will  be  forced 
into  cylindrical  shape  by 
the  action  of  the  central, 
roll  on  the  other  two.    Such  rolls  are  also  frequently  arranged 
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for  bending  angles,  or  other  structural  shapes.  Fig.  13  shows 
a  section  through  a  set  of  beading  rolls  for  bending  plates 
into  cylindrical  form. 

The  roll  a,  called  the  bending  roll,  is  usually  driven  by  a 
belt  and  pulley,  or  by  gears;  the  rolls  b  and  c,  called  the 
pinching  rolls,  may  be  geared  to  the  roll  a.  At  d  is  shown  a 
section  of  the  plate  being  rolled.  The  rolls  are  adjustable  so 
that  cylinders  of  different  diameters  may  be  rolled;  some- 
times the  ends  of  the  rolls  mg,y  be  adjusted  separately,  so 
that  conical  pieces  can  be  rolled. 


DROP  FORGING 

DROP    HAMMERS    AND    PRESSES 

11,  Board  Drop  Hammer. — A  drop  hammer  is  any 
hammer  in  which  the  striking  die  is  fitted  in  the  face  of  a 
hammer  head  working  between  guides,  and  so  arranged  that 
it  can  be  raised  and  then  allowed  to  fall.  One  of  the  most 
common  forms  of  drop  hammer  is  known  as  the  board  drop 
hammer,  one  form  of  which  is  illustrated  in  Fig.  14. 

The  hammer  head  a  and  board  b,  to  which  it  is  attached, 
rise  and  fall  together.  Friction  rolls  on  each  side  of  the 
board  are  attached  to  shafts  carrying  pulleys  d,  d  turning  in 
opposite  directions  and  run  by  belts  in  the  directions  shown 
by  the  arrows.  The  friction  rolls  are  thus  run  continuously 
in  the  directions  required  to  raise  the  board,  but  in  their 
normal  position  they  just  clear  the  board.  The  rod  e 
operates  a  cam  that  moves  the  roller  c  toward  the  other 
roller  and  grips  the  board  so  as  to  raise  it  and  the  hammer. 
The  lever  /  is  connected  by  a  strap  g  to  the  foot  treadle  h, 
which  is  also  attached  to  the  rod  i,  and  thus  operates  the 
latch  }. 

When  not  in  use,  the  hammer  head  is  usually  held  up  by 
the  latch  j,  which  is  placed  at  about  the  highest  point  from 
which  it  is  desired  to  have  the  hammer  drop.  When  it  is 
desired  to  strike  a  blow,  the  treadle  is  depressed,  pulling  out 
the  latch  /,  holding  up  the  rod  e  and  keeping  the  rollers  apart. 
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thus  permitting  the  hammer  to  fall.  The  treadle  is  then 
released,  and  springs  pull  it  np,  allowing  the  rod  e  to  fall, 
clamp  the  rollers  together  on 
the  board,  and  raise  it.  If  it  is 
not  desired  to  strike  another 
blow,  the  hammer  strikes  the 
dog  k'  as  it  kises,  raising 
the  rod  e,  releasing  the  board 
from  the  rolls  and  allowing 
the  weight  to  drop  to  the 
latch  /,  where  it  remains  sus- 
pended. Light  and  heavy 
blows  can  thus  be  struck  with 
this  hammer  by  releasijig  the 
board  at  the  desired  point. 

13.  Crank  Drop  Ham- 
mer.— A  very  common  form 
of  crank  drop  hammer  is 
shown  in  Fig.  15.  In  this 
type  of  hammer,  the  lifting 
mechanism  is  arranged  in 
such  a  manner  as  to  rotate 
the  crank  a,  thus  lifting  the 
hammer  head  d  by  means  of 
the  ropes  c,  or  by  a  leather 
strap.  The  mechanism  is 
driven  by  a  belt  on  the  pul- 
ley d,  on  the  shaft  carrying 
the  pinion  h  that  drives  the 
gear  i.  A  clutch  g  is  so  con- 
structed as  to  raise  the  ham- 
mer after  each  stroke  and 
bold  it  in  its  highest  posi- 
tion until  the  treadle  /  is  de- 
pressed. The  treadle  /  is  '""" 
connected  through  the  rod  g,  to  the  clutch  e.  By  leaving  the 
treadle  depressed,  the  hammer  will  strike  successive  blows. 
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13.  Comparison  of  Board  and  Crank  Drop  Ham- 
mers.— Board  and  crank  drop  hammers  have*~a  number  of 
points  that  distinguish  them  from  each  other.  In  general,  a 
board  drop  hammer  strikes  a  quicker  or  sharper  blow  for  the 
same  weight  of  hammer  head  and  same  height  of  drop.  The 
blow  of  the  board  drop  hammer  may  also  be  quickly  regu- 
lated by  varying  the  height  of  the  drop. 

The  crank'liit,  rope-lift,  or  strap-lift  drop  hammer,  ds  it  is 
variously  known,  is  largely  used  for  bending,  shaping, 
straightening,  and  welding.  These  hammers  are  used  very 
extensively  by  the  manufacturers  of  agricultural  implements, 
and  also  by  malleable-iron  companies.  The  crank  machines 
have  an  advantage  in  the  lifting  arrangement  because  the 
board  drop  hammer  depends  on  friction  for  lifting  the  ham- 
mer, while  with  the  crank  drop  hammer,  the  lifting  is  positive. 
The  board  and  gearing  are  expensive,  so  that  a  crank  machine 
of  a  given  capacity  and  weight  of  drop  will  cost  less  than 
a  board-operated  machine.  The  advantage  of  the  lift- 
ing device  is  not  of  much  importance  in  the  case  of  light 
work,  but  for  manufacturing  where  large  forming  dies  are 
used,  it  is  a  point  well  worth  considering.  As  a  rule,  the 
crank  machine  is  simpler  and  requires  less  skill  for  its  opera- 
tion; hence,  it  is  preferred  for  rough  work.  It  is  also  used 
very  extensively  for  forging  soft  metals  cold,  as  in  making 
spoons,  watch  cases,  and  similar  work. 

In  many  classes  of  work,  it  is  absolutely  necessary  that 
the  hammer  head  or  drop  should  fall  from  two  or  more 
heights,  in  order  to  strike  light  or  heavy  blows  when 
forging;  and  sometimes,  as  the  work  is  turned  from  side 
to  side,  these  light  and  heavy  blows  must  alternate.  For 
such  work  the  crank  hammer  is  not  suitable,  and  it  is 
necessary  to  use  a  board  drop  hammer.  In  fact,  for  the 
general  run  of  light  forging,  especially  where  the  dies  are 
frequently  changed,  the  board  drop  hammer  is  generally 
considered  the  better. 

14.  strap  and  Pulley  Drop  Press. — la  the  press 
shown  in  Fig.  16  the  weight  is  lifted  by  pulling  on  a  strap 
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that  passes  over  a  constantly  rotating  pulley;  this  is  known 
as  a  strap  aud  pulley  drop  press.  The  pulley  b  is  kept 
rotating  constantly  by  a  belt  on  the  pulley  d,  and  when  the 
end  of  the  strap  e 
is  hanging  loose  the 
friction  on  the  pulley 
is  not  sufficient  to  lift 
the  weight.  When 
the  operator  brings 
pressure  on  the  strap, 
either  by  pushing  his 
foot  down  in  the  stir- 
rup at  c  or  by  gripping 
the  strap  higher  up 
with  his  hand  and  pul- 
ling down,  the  fric- 
tion of  the  strap  on 
the  pulley  b  is  in- 
creased to  such  an  ex- 
tent that  the  hammer 
head  is  lifted.  When 
the  head  reaches  the 
desired  elevation  the 
tension  on  the  strap 
is  relieved,  allowing 
it  to  slip  over  the  face 
of  the  pulley  as  the 
head  falls. 

The   poppets, 

shown   at  a,  a,    are 

used  for  the  purpose 

"  ■  of  holding  the  lower 

-    die  iu   place   on    the 

Via  \t  base.   They  are  made 

with  long  shanks  that 

fit   holes    in    the    base   of    the    press,    and    with   adjusting 

screws  through  the  upper  parts  for  locating   and   holding 

the  die. 
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15.  steam  Drop  Hammer. — The  steam  drop  hammer 
is  illustrated  in  Hammer  Work.  It  is  usually  much  more 
expensive  to  install  thau  the  board  or  crank  drop  hammer; 
it,  however,  possesses  many  of  the  advantages  of  the  board 
drop  hammer,  especially  the  advantage  of  the  variable 
blow,  due  to  the  provision  for  changing  the  height  of  the 
drop.    The  steam  drop  hammer,-  however,  has  one  special 


advantaee  that  is  not  shared  by  either  of  the  others,  and  that 
is,  that  steam  may  be  used  for  driving  the  ptston  down  more 
rapidly,  and  hence  an  exceedingly  quick  and  powerful  blow 
can  be  struck;  also,  the  piston  may  be  let  down  slowly  until 
the  upper  die  comes  in  contact  with  the  work,  when  the 
steam  pressure  is  suddenly  applied  and  the  dies  forced 
together  with  a  slow  uniform  pressure,  as  in  the  case  of  an 
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ordinary  power  press.  The  work  may  then  be-  finished  by 
one  or  two  blows  of.the  hammer;  in  other  words,  the  steam 
drop  hammer  is  capable  of  a  wider  range  of  work  than  either 
ot  the  others,  but  as  a  rule  it  requires  a  somewhat  higher 
degree  of  skill  in  the  operator. 

16t  Steam  Drop  Press. — There  is  a  large  variety  of 
work  that  must  be  pressed  to  bring  it  approximately  to 
shape,  and  then  a.  few  sharp  blows  from  a  hammer  mnst 
be  struck  to  finish  it.  The  steam  drop  press,  which 
closely  resembles  the  steam  drop  hammer,  has  been  brought 
out  to  meet  this  demand.  One  form  of  drop  press  is  shown 
in  Pig.  17.  The  lower  die  is  held  in  place  on  the  base  a  by 
the  poppets  i,  which  extend  through  the  base  and  are 
secured  by  keys  below.  The  head  c  that  carries  the  upper 
die,  and  moves  between  the  guides  d,  tf,  may  be  allowed  to 
fall  by  gravity  or  may  be  forced  down  by  steam  or  air 
pressure  acting  on  a  piston  in  the  cylinder  e.  The  lever  / 
operates  the  piston  valve  in  the  valve  chest  f,  and  also 
moves  the  latch  A  oat  of  the  way  when  starting  the  head 
from  its  highest  position,  where  it  is  held  by  the  latch  when 
the  press  is  not  running.  This  type  of  press  is  used  for 
large  thin  work,  such  as  dish  pans,  where  the  work  is  first 
pressed  into  shape  and  then  finished  by  two  or  three  quick 
blows.' 

DROF-HAMMEB    DIEB 

17.     Materials   Used   lor   Drop-Hammer   Dies. — In 

places  where  only  a  few  forgings  are  produced,  the  dies  are 
frequently  made  from  a  close-grained  cast  iron,  the  faces 
being  cast  to  approximately  the  correct  form  and  finished 
with  a  file  or  a  scraper.  Large  forming  dies  have  been  cast 
so  perfect  that  practically  no  finish  was  required.  Cast-iron 
dies  are  sometimes  made  with  chilled  faces  to  increase  their 
hardness  and  wearing  qualities.  Ordinary  dies  for  making 
large  quantities  of  duplicate  work  are  made  from  steel,  both 
steel  castings  and  steel  forgings  being  very  largely  used. 
In  most  cases  these  are  cast  or  forged  smooth  on  the  face. 
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and  the  desired  forms  cut  in  them  by  milling,  routing, 
chipping,  and  scraping.  In  cases  where  a  very  large  amount 
of  work  is  to  be  done,  one  or  both  of  the  dies  are  hardened 
by  heating  them  to  a  cherry  red  heat  and  immersing  them 
in  a  bath  of  water  or  brine.  These  dies  must  afterwards  be 
tempered  to  make  them  less  brittle  and  relieve  the  internal 
stresses. 

18.  Drop-Hammer  Die  Fastenlnnrs. — The  manner  of 
fastening  drop-hammer  dies  depends  somewhat  on  the 
character  of  the  work  being  done.  For  heavy  forging 
operations  the  dies  are  usually  fastened  with  two  keys,  one 
on  each  side  of  a  dovetail  or  feather  on  the  back  of  the  die. 
Sometimes  two  slightly  tapered  keys  having  straight  sides 
are  driven  from  opposite  directions,  but  on  the  same  side  of 
the  die,  so  as  to  clamp  the  die  with  an  even  parallel  bearing 
on  both  sides.  Crimped  steel  keys  are  also  driven  on  both 
sides  of  the  die  and  bearing  at  a  series  of  points;  they  act 
as  powerful  springs,  and  insure  a  large  number  of  contact 
points,  while  if  the  die  is  slightly  out  of  shape,  as  is  usually 
the  case  after  it  has  been  used  some  time,  a  straight  key  can 
bear  at  but  one  point.  For  light  work,  with  forming  dies 
operating  on  thin  metal,  either  hot  or  cold,  the  lower  die  is 
usually  held  by  means  of  poppets.  The  use  of  these  poppets 
permits  considerable  adjustment  of  the  die;  but  they  would 

'  not  be  strong  enough  to  hold  the  dies  in  place  for  heavy 
forging.  In  the  hammer  shown  in  Fig.  17,  the  lower  die  is 
supported  on  the  flat  plate  or  anvil,  and  is  held  in  place  by 
the  poppets  only.  In  the  hammer  shown  in  Fig.  15,  a 
pocket  }  is  formed  in  the  anvil  face,  so  that  a  suitable  pro- 
jection on  the  die  may  fit  into  this  pocket  and  thus  aid  in 
keeping  it  in  its  proper  position. 

19.  Form  of  Drop-Hammer  Dies. — The  form  of  a 
pair  of  drop-hammer  dies  depends  on  a  number  of  important 
factors.  If  the  work  being  forged  is  of  circular  cross-section, 
and  so  formed  in  relation  to  its  axis  that  the  piece  can  be 
revolved,  as,  for  instance,  the  handle  shown  in  Fig.  18  (a), 
the  forging  dies  will  be  made  as  shown  by  the  cross-section 
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in  Fig.  18  (6).  The  form  in  both  dies  corresponds  to  the 
form  to  be  given  to  the  work,  but  the  corners  a  are  rounded, 
instead  of  being  sharp  like  the  corners  c,  d,  so  as  not  to  scar 
the  work.  By  rotating  the  work  as  it  is  being  forged,  it  will 
finally  be  brought  to  the  desired  circular  cross -section,  as 


M 


indicated  by  the  dotted  circle  at  b,  and  there  need  be  no  fin 
or  burr  on  the  finished  forging. 

In  the  case  of  work  that  is  not  round  in  cross-section,  or 
which  does  not  have  a  straight  axis,  it  is  impossible  to  turn 
the  piece  in  the  die,  and  hence,  it  must  be  forged  to  shape 
without  rotation.  Dies  are  made  that  cau  be  used  for  a  series 
of  impressions  or  operations,  some  parts  of  the  dies  acting 
on  the  edges,  and  others  on  the  faces  of  the  work.  The 
finishing  die  always  squeezes  out  a  fin  on  the  edge  of  the 
work,  as  shown  in  Fig.  19  (a).  The  fin  formed  on  drop- 
forged  work  is  known  as  the  flash,  and  provision  is  usually 
made  for  it  by  a  groove  in  the  die,  as  shown  at  a,  Fig.  19  {*). 

In  laying  out  drop-hammer  dies,  great  care  must  be  taken 
to  see  that  the  operation  performed  in  each  of  the  successive 


stages  leaves  sufficient  stock  for  the  finishing  operations 
The  volume  of  the  successive  dies  is  frequently  checked  by 
placing  each  pair  of  dies  face  to  face  and  using  them  as 
molds  for  making  lead  casts  of  the  spaces  between  them. 
By  measuring  these  lead  casts  and  comparing  their  weights, 
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a  very  good  idea  of  the  volume  of  the  successive  openings 
or  spaces  between  the  dies  can  be  ascertained. 

20.     Example    of    Drop-Hammer    Die   Work. — The 

process  of  drop  forging  is  illustrated  by  the  making  of  an 
ordinary  open-end  wrench,  shown  in  Fig.  20.  A  bar  of  suit- 
able size  to  form  the  piece  is  selected  and  a  portion  broken 
down  under  a  power  hammer,  or  between  suitable  drop-for- 


Pio.  a 

ging  dies,  so  as  to  leave  sufficient  material  for  the  head, 
while  the  handle  is  narrowed  somewhat.  The  dies  for  doing 
the  work  are  shown  in  Fig.  21.  The  piece  is  first  placed  in 
the  die  opening  a,  which  will  form  it  as  shown  at  f,  the  end 
of  the  die  acting  as  a  fuller  to  spread  the  stock  for  the  head. 
The  work  in  all  cases  is  held  by  the  projecting  end  k. 
After  the  piece  has  been  struck  one  or  two  blows  in  the 
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opening  a,  it  is  placed  in  the  opening  b,  and  struclc  several 
successive  blows.  This  brings  the  entire  wrench  to  the 
finished  fonn,  except  for  the  flash  shown  at  A  in  the  piece  at 
the  right  of  the  dies,  the  wrench  being  shown  at  g:  The 
piece  is  now  placed  in  the  cutting-out  die  c  and  struck  by  the 
punch  d.  This  drives  the  wrench  into  the  space  s,  from 
which  it  is  removed  endwise,  leaving  the  flash  on  the  top  of 
the  die  block.  The  end  k  is  then  cut  off  by  a  suitable  pair 
of  shears,  which  completes  the  forging. 

21.  As  a  rule,  small  work  having  a  circular  cross-section 
is  forged  under  a  drop  hammer,  although  this  class  of  work 
is  also  frequently  made  under  a  power  hammer.  The  fact 
that  the  hammer  head  of  the  drop  hammer  is  accurately 
guided,  however,  makes  it  possible  to  produce  more  accurate 
work  in  the  drop  hammer  than  in  the  ordinary  power  hammer. 
Frequently,  machine  handles  of  various  forms,  punches,  and 
similar  pieces  are  forged  to  finished  sizes  under  the  drop 
hammer  with  an  allowance  of  only  .001  or  ,002  inch  for  error. 
This  is  accomplished  by  rotating  the  work  under  the  hammer 
and  forging  until  the  flat  faces  of  the  hammer  dies  strike  each 
other.  In  order  to  produce  a  good  finish,  water  is  thrown 
on  the  work  during  forging  and  the  forging  continued  until 
the  iron  cools  to  a  black  heat;  the  result  is  a  smooth  blue- 
black  finish. 

DROP-HAMMKR    FOUNDATIONS 

22.  Elastic  Foundations. — As  it  takes  some  appre- 
ciable time  for  the  blow  to  penetrate  to  the  center  of  a  piece 
of  metal,  drop  hammers  are  sometimes  provided  with  an 
elastic  foundation.  The  elasticity  has  the  effect  of  distrib- 
uting the  force  of  the  blow  over  a  longer  period  of  time, 
thus  causing  it  to  penetrate  deeper.  Such  a  foundation  is 
usually  made  of  large  timbers,  carefully  squared  and  made 
to  fit  each  other  quite  accurately,  as  shown  in  Fig.  22.  The 
anvil  a  is  then  placed  on  the  foundation,  usually  with  a  layer 
of  leather  belting  or  a  rubber  pad  between  the  top  of  the 
timber  and  the  base  of  the  anvil.    The  bottom  of  the  timbers  £ 
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should  be  bedded  in  concrete  to  insure  an  even  bearing. 
While  this  style  of  foundation  has  been  used  quite  extensively, 
its  great  cost  and  the  expense  of  renewal  are  factors  that 
tend  to  bring  it  into  disfavor. 

Elastic  foundations  have  been  made  by  placing  the  tim- 
bers for  the  foundation  in  a  vertical  position.     A  log  large 
enough  in  diameter  to  receive  the  anvil  on  its  top  and  to 
enter  the  ground  6  or  8  feet,  is  sometimes  preferred.     The 
hole  is  dug  I  foot  deeper  than  is  necessary  to  receive  the 
log.     A  foot  of  concrete  is  then  placed  in  the  bottom  of 
the  hole,  and  the  log  bedded,  in  a  perpendicular  position,  on 
top  of  this.    For  light  drop 
hammers,  a  large  flat  stone 
is  sometimes  placed  under 
the    bottom    of    the    log. 
The  space  about  the  log  in 
the  hole  should   be  filled 
with  earth  well  tamped  into 
place;    the  top  of  the  log 
should  be  trimmed  off  to 
a  true  horizontal  surface. 
In   the   case   of  hammers 
with  openings  in  the  center 
of  the  anvil,   it  is  neces- 
sary to  cut  a  depression  in 
the  center  of  the  top  of  the 
log,   with  a   groove  lead- 
ing to  the  outside  to  allow  "*■ 
scale  and  dirt  to  pass  off   without  accumulating  under  the 
anvil.     When  a  log  large  enough   for  the  anvil  cannot  be 
obtained,  several  timbers  may  be  bolted  together  to  form  a 
block  of  sufficient  size.     Chestnut  or  oak  timbers  are  said 
to  be  the  best  for  drop-hammer  foundations.     For  hammers 
with  drops  weighing  1,000  pounds  or  more,  a  masonry  founda- 
tion is  recommended  by  some  builders.     A  hole  is  first  dug 
10  to  14  feet  deep,  and  the  masonry  built  up  to  within  4  feet 
of  the  top.     On  top  of  the  masonry,  oak  timbers  4  feet  long 
standing  on  end  are  arranged,  and  bolted  closely  together. 
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The  space  around  the  timbers  is  then  filled  with  concrete; 
the  anvil  is  set  on  top  oE  the  oalc  timbers,  as  in  the  case  of 
the  foundations  already  mentioned.  In  some  cases,  masonry 
foundations  are  built  up  to  within  an  inch  or  so  of  the.  anvil, 
and  a  thick  rubber  or  leather  pad  placed  under  the  anvil. 


iT 
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23.  Solid  Foundations. — One  of  the  leading  manu- 
facturers of  drop  hammers  recommends  the  foundation 
shown  in  Fig.  23.  It  is  made  by  digging  a  hole  of  the 
required  depth,  and  lining  it  with  planks,  as  shown.     The 
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space  inside  ot  the  planks  is  then  filled  with  concrete. 
The  following  proportions  for  the  composition  of  the  con- 
crete are  recommended:  three  barrels  of  stone,  two  barrels 
of  eravel,  and  one  barrel  of  cement.  To  the  water  used  for 
mixing  the  cement,  two  quarts  of  sodium  silicate  are  added. 
Table  I  shows  the  dimensions  of  the  foundations  for  vari- 
ous weights  of  the  drop,  generally  called  the  weight  of 
the  hammer: 

The  dimensions  for  the  foundation  of  any  hammer  are 
found  in  the  same  horizontal  line  as  the  weight;  the  letters 
at  the  head  of  the  columns  correspond  to  those  in  Fig.  23. 

Foundations  of  this  kind  have  been  built  without  using 
any  elastic  material  between  the  anvil  and  the  concrete,  with 
very  satisfactory  results. 

24.     Comparison   ot    Drop-Hammer   Fonndatlona. 

It  has  been  found  in  practice  that  when  the  anvils  of  large 
hammers  are  light,  it  is  necessary  to  use  elastic  foundations 
or  the  force  of  the  blows  will  cause  the  foundations  to  yield. 
In  the  case  of  a  large  steam  hammer  installed  by  the  Beth- 
lehem Steel  Company,  the  first  foundation,  which  was  made 
of  timber,  had  very  little  elasticity.  This  foundation  yielded 
so  that  it  had  to  be  rebuilt.  The  second  foundation  was 
made  very  elastic  by  placing  wooden  shavings  and  brush 
beneath  the  timbers,  and  no  further  trouble  was  experienced. 

If  the  anvil  is  made  heavy  enough,  it  will  not  have  time  to 
move  away  from  the  work  before  the  hammer  has  exerted 
its  full  effect,  and  hence  an  elastic  foundation  would  not  relieve 
the  shock  of  the  blow.  With  a  relatively  light  anvil,  the 
spring  of  an  elastic  foundation  allows  the  anvil  to  recede 
when  the  blow  is  delivered,  and  thus  prolongs  the  action  of 
the  blow;  but  it  is  only  on  large  work  that  it  is  especially 
desirable  to  obtain  this  eilfect. 

It  has  been  found  that  with  a  solid  foundation  of  sufficient 
size  for  the  hammer,  as  perfect  work  can  be  done  with  a 
height  of  drop  only  about  one-half  that  required  with  'an 
elastic  foundation.  The  shorter  drop  also  allows  the  ham- 
mer to  strike  more  blows  per  minute  than  when  operating 
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with  a  higher  drop.     Hence,  a  greater  amouQt  of  work  can 
be  turned  out. 

It  has  been  found  also  that  when  the  solid  foundation  is 
'used,  practically  no  repairs  are  necessary,  and  a  much  greater 
number  of  hours  work  can  be  done,  per  year,  by  a  given 
hammer.  It  is  an  interesting  fact  that  wherever  the  solid 
foundations  have  been  adopted,  and  the  height  of  the  drops 
properly  adjusted,  their  use  has  not  been  abandoned. 

FOBOXNO  PRESS  WORK 


25.  Iiever  Sliears. — For  cutting  bars  to  length,  and  for 
cutting  up  scrap,  a  lever  shear  of  the  form  shown  in  Fig.  24 
is  very  useful.     The  stock  is  cut   o£E   between   the   shear 


blades  a,  b,  the  lower  one  of  which  is  stationary  and  the 
other  is  attached  to  the  short  end  of  the  lever  c,  the  long  end 
being  moved  by  a  crank  or  cam.  In  the  shear  shown,  two 
flywheels  d,d  are  placed  on  the  main  driving  shaft,  so  that 
their  inertia  will  assist  in  operating  the  shear  and  enable  it 
to  cut  heavier  stock;  also,  the  bar  will  be  gripped  on  one 
edge  first,  and  the  cutting  proceed  from  one  side  to  the  other. 
This,  enables  the  shear  to  cut  much  larger  stock  than  would 
be  possible  if  the  cutting  edges  of  the  blades  were  to  strike 
both  sides  of  the  bar  along  the  entire  width. 
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26.  Tertlcal  Bbear. — For  cutting  bars,  narrow  plates, 
etc.,  the  shear  shown  in  Fig.  25  is  quite  frequently  used. 
One  advantage  of  this  type  is  that  it  takes  up  less  room  than 
the  lever  shear.  The  shear  blades  a,  dare  arranged  much 
as  in  the  lever  shear,  except  that  the  moving  blade  b  is 
attached  to  a  head,  or  ram,  that  descends  in  a  straight  line 


instead  of  working  about  a  pivot,  as  in  the  lever  shear. 
It  will  be  noticed  that  the  blade  b  is  set  at  an  angle  to  the 
blade  a,  so  as  to  cause  the  cutting  to  proceed  from  one  side 
to  the  other.  This  is  known  as  giving  shear  to  the  blades. 
The  operating  parts  are  so  arranged  that  when  the  treadle  c 
is  released,  the  head  with  the  blade  b  always  returns  to  the 
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top  of  the  stroke  and  remains  in  that  position  while  the  shear 
is  out  of  use.     The  pressure   of  the  foot  on  the  treadle  c 
throws  in  the  clulch  d,  connecting  the  head  with  the  driving 
mechanism  and  causing  the  shear  to  descend  and  continue 
to  operate  until  the  treadle  is  released.     This  shear  is  also 
provided  with  a  flywheel  e,  to  increase  the  effectiveness  of 
the  machine  by  storing  up  energy  between  cuts  and  giving 
it   up   to   the   shear   when  cutting.     Sometimes   the   shear 
blades  a,  b  are  turned  at  right  angles  to  the  position  shown 
in  Fig.  25.     This  is 
usually  done  with 
shears    intended   for 
trimming   the   edges 
of  wide  plates.     Spe- 
cial  shears   are  also 
made  for  cutting  off 
angles    and    other 
structural    or    rolled 
shapes. 


PRESSES    AND 

PUNCHES 

27.    Vertical 
Press  or  Fnncli. 

Vertical    presses    or 

punches   are   used 

either  for  forming  or 

shaping  metal,  or  for 

punching    holes   or 

openings  in  metal 

that  is  usually  worked 

cold.     One   common 

form  of  press,  shown 

in  Fig.  26.  is  driven  p,^  2g 

by  a  belt  on  pulley  a, 

which  drives  the  gear  b  continuously.     By  depressing  the 

treadle  d,  the  clutch  c  is  thrown  into  action  and  the  head  e  is 

driven  down  by  the  eccentric  /.     The  upper  die  is  attached 
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to  the  lower  face  of  the  head  t,  and  the  lower  die  is  carried 
on  a  block  A  that  fits  over  the  opening  £:     In  order  to  adjust 
properly  the  height  of  the  dies  to  suit  the  work,  an  adjusting 
nut  is  provided  at  j.     The  design  of   many  parts  of   this 
press  varies  with  the  use  to  which  it  is  to  be  put.     In  some 
cases  it  is  not  necessary  to  have  the  large  opening  shown 
at^;  this  is  especially  true  in  the  case  of  machines  used  for 
punching  rivet  holes  only.     When  it  is  desired  to  work  very 
wide  stock,  the  throat  of  the  machine  at  k  is  made  deep,  that 
is,  the  upper  part  of  the 
machine    overhangs    far 
enough  to  take  wide  stock 
and  allow  it  to  project  into 
the   throat.     Machines   of 
this  type  are   also   some- 
times driven   by  an  elec- 
tric motor  mounted  on  the 
frame.     For  very  large  or 
broad  work,  the  guides  /,  m 
for  the  head  are  frequently 
mounted  in  separate  hous- 
ings,   and    two    or    more 
eccentrics    are    used    for 
operating  the  head. 

28.   Inclined  Presses. 

In  the  form  of  press  shown 

in   Fig.  26,  the  finished 

work    passes   out    of    the 

way  by  falling  through  the 

opening  ^,    to    the    floor; 

unless  some   such    means 

is  provided  the  work  must 

be  removed  from  the  dies 

by  hand.     The  inclined  press  shown  in  Fig.  27  has  been  found 

convenient  for  discharging  the  finished  work.     The  table  a 

can  be  set  at  any  desired  angle  by  adjusting  the  nut  &.    The 

stock  is  passed  into  the  machine  from  the  front,  and  the 
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finished  work  slides  out  through  the  opening  c  at  the  back 
and  accumulates,  or  drops  into  a  box,  behind  the  machine. 
In  other  respects,  this  press  is  similar  to  the  one  already 
shown.  

HORIZONTAI.    PRESSES 

29.     Bulldozers. — The  bulldozer  is  a  horizontal  press 
for  performing  bending,  forging,  and  welding  operations. 
One  of  the  most  common  forms  is  shown  in  Fig.  28.     In  the 
illustration,  a  pair  of  dies  a,  b  is  shown  in  position  for  bend- 
ing the  piece  of  work  /.     The  movable  die  b  is  attached  to 
the  ram  d  which  is 
driven  by  the  connec- 
ting-rods c,  c.    These 
machines  are  made  to 
be  driven  by  a  belt, 
engine,   or    electric 
motor,  and  are  used 
for  a  very  large  vari- 
ety of  work,   especi- 
ally for  such  work  as 
the  forgings  for  car 
trucks,  for   agricul- 
tural implements,  etc.  p^^  ^ 
An  almost  endless  va- 
riety of  work  can  be  done  on  them,  including  forging  and 
welding.     The  stock  is  generally  put  in  the  dies  hot,  and 
in  most  cases  simple  dies  similar  to  those  shown  in  Fig.  28 
are  used.    For  bending  some  forms,  however,  it  is  necessary 
to  use  compound,  or  winged,  dies.     A  set  of  these  fitted  for 
use  in  the  bulldozer  is  shown   in  Fig.  29.     The  die  d  is 
attached  to  the  stationary  head,  while  the  ram  is  attached  to 
the  movable  head.     The  block  a,  with  its  attached  wings  in 
the  positions  w'  w',  is  placed  in  front  of  the  block  d  and  the 
stock  b  laid  across  it.    As  the  ram  or  plunger  moves  forwards, 
it  presses  the  stock  against  a  and  as  it  forces  a  into  the  die  d, 
the  wings  are  closed  into  the  position  shown  by  the  full  lines 
at  w,  w,  thus  bending  the  stock  b  against  the  sides  of  the 
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plunger.     This  arrangemeat  is  used  in  forming  a  strap  with 
two   right-angle   bends.     Dies   with   hinged   parts  are   fre- 


c^~^ 


Qnentl]^  called  second-motion  dies,  and  in  many  cases  are  fonnd 
very  convenient  for  irregular  work. 

30.  Example  of  Horizontal  Foiling  Machine  Work. 
Fig.  30  shows  an  example  of  the 
class  of  work  that  can  be  done 
j  on  a  horizontal  forging  machine. 
The  first  stage  is  shown  at  (a), 
and  consists  of  bending  a  yoke 
over  the  end  of  the  bar.  This  end 
of  the  bar  is  then  brought  to  a 
welding   heat    and    squeezed   or 

I ^      I   pressed    into    the    form    shown 

'  a.t(b).     It  is  necessary  to  trim  ofi 

the  fins  from  a  piece    like  that 
shown  in  Fig.  30,  in  which  two 
squeezes  are  used  to  bring  it  to  the  required  form  after 


3; 
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weldioe  it.     It   is,    therefore,   taken   to   the   anvil,   the   fin 
trimmed  off,  the  piece  dipped  into  water  for  a  moment  to 


remove  the  scale,  and  then  given  two  or  more  squeezes 
reversed  in  the  dies,  so  as  to  squeeze  it  first  in  one  direc- 
tion and  then  in  the  other. 
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Horizontal  forging  machines  are  built  in  all  sizes,  to  talie 
stock  from  f  inch  to  6  inches  in  diameter.  These  machines 
are  used  in  most  cases  for  small  upsetting  or  beading, 
although  they  may  be  used  for  work  similar  to  drop-hammer 
work. 

31.  Pneumattc  FoFgrlne  Machine. — In  order  to  com- 
bine the  advantages  of  the  hammer  and  the  press  in  the  same 
machine,  the  pneumatic  fortius  machine,  shown  in 
Fig.  81,  has  been  brought  out.  It  consists  of  a  heavy  cast- 
iron  bed  that  carries  a  set  of  dies  at  one  end,  one  of  which,  a, 
is  operated  by  a  pneumatic  cylinder  i  situated  beneath  the 
end  of  the  machine.  The  work  is  introduced  between  the 
dies  a  and  c,  the  position  of  c  being  determined  by  the  screw  d. 
A  suitable  die  is  attached  to  the  end  of  the  piston  rod  e  so 
that  it  can  be  brought  to  bear  on  the  side  of  the  work. 
The  die  a  can  be  brought  up  so  as  to  strike  or  press  the 
work;  in  like  manner  the  die  attached  to  <r  can  be  used  to 
press  or  to  deliver  a  blow.  By  using  suitably  designed  dies, 
similar  to  those  shown  in  Fig.  28,  almost  any  desired  form 
can  be  made. 
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SPECIAL  FORGING  EQUIPMENT 

HEATING   FURNACES 

1.  As  heating  is  necessary  in  all  forging  work,  suitable 
fnmaces  must  be  provided  in  connection  with  forging  opera- 
tions. The  form  of  the  furnace  varies  with  the  nature,  size, 
and  quantity  of  the  work  to  be  heated,  and  with  the  nature 
of  the  fuel  used;  in  many  cases,  one  form  can  be  used  for 
several  classes  of  work,  while  in  other  cases  each  class  of 
work  requires  its  own  special  form  of  furnace.  Gas-fired 
or  oil-fired  furnaces  are  now  preferred  to  those  fired  with 
coal  or  coke,  because  they  can  be  easily  controlled  so  as  to 
maintain  a  more  uniform  heat.  In  all  heating  furnaces,  the 
air  supply  should  be  so  regulated  as  to  produce  incomplete 
combustion  in  the  portion  of  the  furnace  where  the  heating 
is  done;  in  other  words,  there  must  be  no  excess  of  air 
present,  as  such  excess  will  oxidize  the  metal.  In  the  case 
of  heating  furnaces  using  solid  fuel,  it  is  necessary  to  pro- 
vide for  the  admission  of  air  beyond  the  beating  chamber, 
so  as  to  fully  burn  the  gases,  if  it  is  desired  to  prevent  the 
escape  of  smoke  from  the  chimney. 

2.  Small  Coke  Furnace. — For  heating  the  ends  of  bars 
to  be  worked  under  drop  hammers  or  in  forging  machines,  a 
small  coke  fnrnace,  like  that  shown  in  Fig.  1,  is  frequently 
used.  This  furnace  is  enclosed  in  cast-iron  plates,  the  front 
and  back  plates  a,b  being  bolted  to  flanges  on  the  side 
plates  c,  d.  The  grate  bars  e  are  supported  on  bearing  bars 
placed  in  the  furnace  lining,  which  is  made  of  firebrick.  The 
ashes  are  removed  from  the  ash-pit  through  the  door  /,  and 
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the  blast  pipe  is  generally  inserted  into  the  ash-pit  through 
an  opening  in  the  plate  i>;  a  pressure  of  from  4  to  12  ounces 
is  maintained  in  the  pit.  A  bed  of  coke  is  kept  on  the  grate 
bars  and  the  material  to  be  heated  is  placed  on  the  coke. 
The  opening  g  through  which  the  work  is  placed  in  the  fur- 
nace is  usually  closed,  or  partly  closed,  by  a  firebrick-lined 
door,  sliding  between  the  vertical  guides  shown  at  the  right 
and  left  of  the  door.  The  gases  escape  through  a  flue  con- 
nected with  an  opening  in  the  plate  6.  While  the  work  is 
being  heated,  the  door  is  kept  closed  as  much  as  possible,  to 


prevent  any  inrush  of  cold  air  over  the  top  of  the  fire.  The 
door  is  also  usually  provided  with  a  counterbalance  so  that  it 
can  be  raised  or  lowered  with  ease. 

3.  Rever]t>eratory  Furnace. — For  heating  large  work, 
a  reverbei-atory  furnace  is  usually  employed.  The  work 
is  placed  on  the  hearth  and  heated  by  the  hot  gases  passing 
over  it,  and  the  heat  reflected  from  the  roof,  which  is  a  fire- 
brick arch.  In  some  cases,  the  roof  is  arched  in  such  a  way 
as  to  focus  the  heat  on  some  part  of  the  hearth.  In  a  rever- 
beratory  furnace,  it  is  necessary  to  construct  the  lining  of 
the  furnace  of  firebrick  laid  in  fireclay.     Furnaces  of  this  type 
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may  use  coal,  oil,  or  gas,  and  for  some  classes  of  work 
wood;  but  good  bituminous  coal  is  the  fuel  most  commonly 
employed.  The  fuel  is  usually  burned  with  forced  draft,  the 
bed  being  kept  deep  enough  to  insure  a  slightly  smoky 
flame,  which  indicates  incomplete  combustion.  This  makes 
it  certain  that  oxidation  will  not  take  place  from  air  passing 
through  the  grate. 

Fig.  2  shows  a  longitudinal  section  of  a  furnace  used  in 
heating  work  for  a  steam  hammer.  The  coal  is  fed  on  the 
grate  g  through  the  flre-door  opening  at  h,  which  is  so  placed 
that  a  suitable  depth  of  fire  can  be  maintained  between  the 


grate  bars  and  the  bottom  of  the  door.  The  hot  gases  pass 
over  the  bridge  wall  w,  and  bum  in  the  chamber  s,  the  waste 
gases  escaping  through  the  flue  k  into  the  stack.  The  ash- 
pit is  shown  at  I.  A  plan  view  of  the  furnace  is  shown  in 
Fig.  3,  a  side  view  in  Fig.  4,  and  an  end  view  in  Fig.  5  (a), 
while  Fig.  5  (i)  shows  a  section  crosswise  through  the 
hearth.  The  furnace  has  three  doors  c,  d,  and  e  on  one 
side,  and  door  /  and  the  fire-door  h  on  the  other;  the  door  / 
is  opposite  the  door  d.  This  is  a  great  convenience  in 
heating  long  pieces  of  work,  which  are  allowed  to  extend 
through  both  openings.  All  the  openings  through  which 
work  is  put  into  the  furnace  are  closed  by  doors  lined  with 
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firebrick  slabs  and  suspended  by  chains  from  counterbalanced 
levers.    They  are  raised  and  lowered  by  the  handles  /,  p. 


while  the  weights  «,  «,  Figs.  4  and  6  (a),  serve  to  hold  them 
in  any  desired  positioo. 
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The  bed,  or  hearth,  of  the  furnace  is  usually  made  of  clean, 
sharp,  silica  sand  tightly  rammed  into  nearly  the  shape  of  the 
hearth.  A  fire  is  then  placed  on  the  grate  and  kept  burning 
until  the  surface  melts  and  forms  a  smooth  glassy  hearth. 
Sometimes  clay  is  mixed  with  the  sand. 

In  heating  work,  sand  is  very  frequently  used  as  a  flux  to 
carry  oS  any  iron  oxide  that  is  formed  on  the  surface  of  the 
metal.  Iron  oxide  also  attacks  the  surface  of  the  hearth, 
forming  a  fusible  slag  with  it.  This  slag  flows  into  the  slag 
pot  through  an  opening  at  the  foot  of  the  stack,  toward 


which  the  hearth  slopes.  A  blast  of  from  4  to  12  o 
supplied  to  the  fire  by  the  blast  pipe  /,  Figs,  3,  4,  and  5  {a), 
which  is  attached  to  one  end  of  the  ash-pit.  Usually,  the 
blast  is  obtained  from  the  fan  that  furnishes  blast  for  the 
forges. 

In  some  cases,  the  counterbalance  weights  for  the  doors  are 
placed  at  the  side  of  the  furnace,  so  as  to  leave  the  top  clear. 
A  boiler  may  then  be  set  above  the  furnace,  and  the  heat 
from  the  waste  gases  utilized  to  furnish  steam  for  steam 
hammers,  for  engines  driving  the  fans,  etc,  the  waste  gases 
being  led  up  under  the  boiler  before  they  pass  up  the  stack. 

.).1B— 37 
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4.     Double-Decked    Reverberatory    Farnace. — In 

some   shops   where   a   variety   of   work    is   done    and   yet 


where  there  is  not  enough  heavy  forging  to  warrant  the 
installation  of  a  large  reverberatory  furnace,  the  double- 
decked  reverberatory 
furnace  shown  in  Pigs.  6 
and  7  will  be  of  service. 
Pig.  6  shows  a  section  along 
the  line  efgh  of  Fig.  7, 
and  Fig.  7  shows  a  section 
along  the  line  mnop  of 
Fig.  6;  the  same  reference 
letters  designate  the  same 
parts  in  both  figures.  In 
this  furnace,  the  grate  g, 
ash-pit  I,  fire-door  i,  ash-pit 
door  k,  and  blast-pipe  con- 
nection q  are  arranged  as  in 
the  reverberatory  furnace 
already  described.  When 
the  flame  passes  over  the 
bridge  wall  b,  it  enters  a 
relatively  small  chamber  with  a  hearth  n,  on  which  is  placed 
the  work  that  is  to  be  heated  to  a  high  temperature.     After 
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it  passes  over  the  hearth  »,  the  flame  passes  through  the 
openings  f ,  c  to  the  lower  hearth  v,  thence  through  the  open- 
ings, or  flues,  /  to  the  chimney  y.     The  lower  hearth  v  is 
nsed   for   heating   work    for    tempering,    annealing,    case- 
hardening,  etc.     The  door  for  the  upper  hearth,  which  is  on 
one  side  of  the  furnace,  is  not  shown  in  Fig.  6;  and  the  door  j 
for  the  lower  hearth  is  on  the  other  side.     The  slag  hole  s  is 
at  the  base  of  the  chimney.     The  detailed  arrangement  of 
the  furnace  doors  /  for  closing  the  large  openings  is  shown  in 
Fig.  8.     Each  door  contains  a  smaller  door  d,  which  may  be 
opened  to  see  the  condition  of  the  work,  or  through  which 
small  pieces  may  be  introduced.    The  main  doors  are  kept  in 
place    by   counterbalance    weights   w.     The    advantage    of 
placing  the  fire-door  at  one  side  of  the  furnace  is  that  the  fire 
can  be  spread  more  evenly  than  with  the  door  at  the  end  of  the 
ftunace,  since  the  coal 
can  be  raked  along  the 
length    of   the   bridge 
wall    so    as   to    main- 
tain an  even  fire  at  all 
points. 

6.  Furnace  for 
Iioufr  Work.  —  In 
shops  where  long 
pieces,  such  as  angles 
and  other  structural 
shapes,  must  be  heated, 
a  furnace  of  the  form 
shown  in  Fig.  9  will 
be  found  very  useful. 
This  furnace  consists 
of  a  cast-iron  pot,  or 
box,  a,  which  serves  as 

an  ash-pit  and  on  the  ~-~^ 

upper  surface  of  which  ''"^■' 

the  grate  bars  are  armnged;  the  ashes  are  removed  through 
the  door  i  and  the  blast  is  furnished  by  a  blast-pipe  connection 


^aovGoOt^lc 


to  SPECIAL  FORGING  OPERATIONS  §63 

at  the  back  of  the  ash-pit.  Immediately  above  the  cast-iron 
box  a,  which  is  supported  on  cast-iron  legs  c,  is  a  section 
supported  by  the  plates  d  and  e,  which  are  held  in  place 
by  bolts.  Above  plate  (f  Is  an  angle  iron  /,  which  pro- 
tects the  front  edge  of  the  furnace.  The  back  wall  and 
a  portion  of  the  ends  of  the  furnace  are  built  up  with 
brick  g,  and  the  cover  or  roof  is  made  of  several  firebrick 
slabs  held  together  by  iron  binders  k\  a  coke  fire  is  main- 
tained in  the  furnace.  Long  work  may  be  laid  so  that  its 
ends  project  through  the  open  ends  of  the  furnace,  permitting 
it  to  be  heated  the  whole  length  of  the  fire.  This  furnace 
will  be  found  especially  useful  in  heating  long  angle  irons  in 
the  center  for  bending.  When  curved  or  irregular  pieces 
must  be  heated,  the  cover  is  frequently  lifted  off  while  the 
work  is  being  placed  in  the  furnace,  and  then  replaced  during 
the  heating.  If  large  numbers  of  short  pieces  are  to  be  heated 
on  the  ends  only,  the  pieces  are  laid  across  the  angle  iron  / 
and  allowed  to  project  into  the  fire.  When  the  furnace  is 
not  in  use  for  heating  long  work,  the  openings  in  the  ends 
can  be  closed  temporarily  with  firebrick.  Such  a  furnace  as 
this  is  generally  used  in  a  large  open  building  where  struc- 
tural shapes  are  put  together,  and  hence  the  escaping  gases 
are  not  objectionable.  If  the  furnace  is  to  he  used  indoors 
in  winter,  an  exhaust  pipe  to  carry  away  the  gases  can  be 
arranged  at  the  back  of  the  furnace. 

6.  Special  Heating  Furnace  for  High  Tempera- 
tures.— When  a  large  amount  of  work  is  to  be  heated,  it 
is  often  convenient  to  make  the  process  continuous  by  using 
a  conveyer  that  will  carry  the  work  slowly  through  the  fur- 
nace, the  cold  pieces  being  placed  on  the  conveyer  at  one 
end  of  the  furnace  and  removed  at  the  other  end  properly 
heated  for  forging.  Such  a  furnace  is  shown  in  Fig.  10. 
The  conveyer  consists  of  a  series  of  small  trucks  a  that  carry 
fireclay  blocks  b  on  which  the  work  c  is  placed  at  one  end  / 
of  the  furnace  and  carried  through  to  the  other  end,  by  which 
time  it  is  thoroughly  heated.  The  trucks  then  return  empty 
along  a  track  under  the  furnace,  to  be  loaded  again  with 
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work.  A  metal  casing  e  surrounds  the  blocks  b  on  the  return, 
so  as  to  prevent  undue  loss  of  heat. 

The  furnace  </  is  a  rectangular  iron  box  lined  with  firebrick, 
and  is  heated  by  gas  burners  g,g  placed  on  the  top  of  the 
furnace  and  supplied  by  a  pipe  h  extending  along  the  side. 
The  trucks  do  not  enter  the  furnace,  because  the  tempera- 
tures are  too  great  to  be  withstood  by  cast  iron,  but  the 
fireclay  blocks  project  into  the  flame. 

The  burners  can  be  controlled  separately,  so  that  any 
desired  temperature  may  be  obtained.  They  are  placed  so 
as  to  direct  the  flame  toward  the  end  /,  so  that  as  the  work 
enters  the  furnace  it  is  first  heated  by  the  blocks  on  which  it 
rests,  then  by  the  hot  gases,  and  finally  by  the  flame  under 
which  it  passes. 

handijIng  devices 

7.  Trolley  System. — Handling  devices  are  necessary 
in  connection  with  heavy  work,  such  as  that  forged  by  steam 
hammers.  If  the  work  must  be  frequently  carried  back  and 
forth  between  two  points,  a  hoist  block  may  be  suspended 
from  a  trolley  running  on  an  overhead  rail  r'.  Fig.  11.  In  this 
illustration,  the  portion  of  the  track  r"  between  a  and  b 
serves  as  a  switch,  which  is  shifted  by  means  of  the  chains^,!:. 
The  traveling  carriage,  or  trolley,  is  shown  at  d,  and  the  dif- 
ferential chain  pulley,  operated  by  hand,  is  shown  at  e.  By 
putting  in  switches  and  branches  leading  to  the  places  where 
the  hoist  is  needed,  its  usefulness  is  greatly  increased.  The 
switches  must  have  guards  to  prevent  the  trolley  from  running 
off  at  an  open  switch,  or  a  lock  to  make  it  impossible  to  turn 
the  switch  when  the  trolley  is  on  one  of  the  branches.  One 
advantage  of  any  trolley  system  is  that  the  trolleys  with 
their  hoisting  gear  can  be  made  to  travel  from  one  depart- 
ment to  another,  out  into  the  yard,  or  anywhere  about  the 
plant,  without  great  cost  for  equipment. 

8.  Motor-Operated  Hoists. — The  hand-operated  chain 
block  is  frequently  replaced  by  a  motor-operated  hoist, 
the  motor  being  driven  by  compressed  air  or  electricity. 
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Air-operated  hoists  ot  this  character  are  frequently  used  on 
jib  cranes,  where  the  travel  of  the  hoist  along  the  trolley  is 


limited,  and  hence  only  a  short  air  hose  or  air  connection  is 
needed.     In  the  case  of  trolley  systems  where  the  hoist  is  to 
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travel  a  considerable  distance,  the  compressed-air  system 
cannot  be  used  to  advantage.  One  advantage  of  the  air- 
operated  hoist  is  that  the  headroom  taken  up  by  it  is  very 
small  compared  with  the  height  of  lift  itself.  Electrically 
operated  motor  hoists  have  the  advantage  of  not  needing  any 
hose  connection,  as  they  take  their  current  by  means  of  con- 
tact brushes  from  a  trolley  wire,  which  can  be  strung  along 
the  entire  length  of  the  trolley  system.       i 


9,  Jib  Crane. — A  jib  crane,  shown  in  Fig.  12,  is  another 
convenient  device  for  handling  heavy  pieces.  Swinging  in 
the  arc  of  a  circle,  it  enables  work  to  be  handled  on  any  part 
of  the  floor  over  which  it  swings. 

10.  Traveling  Crane. — In  smith  shops  where  very 
heavy  work  ts  forged,  a  heavy  traveling  crane  is  more 
serviceable  than  any  other  hoist  system,  as  it  may  span  the 
width  of  the  shop  and  travel  throughout  its  length,  so  as  to 
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command  the  entire  shop.  The  crane  for  this  class  of  work 
may  be  one  of  any  of  the  ordinary  hand  or  power  types, 
depending  on  the  class  and  quantity  of  the  work  to  tie 
handled. 

11.  Fnenmatic  Hoist. — A  very  convenient  lift  that 
may  be  used  in  connection  with  any  era 
overhead  track,  is  the  pneumatic  hoist, 
a  form  of  which  is  shown  in  Fig.  13.  ( 
It  consists  of  a  cylinder  c  containing  a 
piston  which  may  move  upwards 
downwards  within  it.  A  rod  r,  having 
an  eye  e  in  its  lower  end,  is  attached  to 
the  piston.  Compressed  air  from 
pipe  p  is  admitted  into  the  lower  end 
of  the  cylinder  through  the  three-way 
valve  V,  and  may  be  discharged  into 
the  outer  air  from  the  cylinder  through 
the  same  valve.  Pulling  the  hand  chain 
on  one  end  of  the  controlling  lever 
admits  the  compressed  air,  which  forces 
the  piston  upwards  in  the  cylinder  and 
lifts  the  load  attached  to  the  eye  e\ 
pulling  the  chain  attached  to  the  other 
end  allows  the  compressed  air  to  escape 
from  the  cylinder  and  lowers  the  load;  placing  the  lever  in 
mid-position,  or  horizontal,  holds  the  load  stationary  at  any 
desired  point. 

12.  Kelatlve    Advantages    of    Handllngr    Devices. 

The  stationary  differential  chain  block,  motor  hoist,  or 
pneumatic  hoist  can  be  used  only  at  single  points;  but  when 
they  are  suspended  from  trolleys  running  along  overhead 
rails,  they  can  be  used  at  all  points  of  the  floor  under  the 
rails.  By  the  use  of  swiiches,  sidings,  etc.,  their  field  of 
usefulness  may  be  greatly  increased;  it  will,  however,  require 
a  very  complicated  system  of  switches  to  make  these  forms 
of  lifting  and  conveying  devices  thoroughly  efficient,  even  for 
a  comparatively  small  floor  space. 
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MISCELLANEOUS  OPERATIONS 
AND  DATA 


RITETING 
13.  Hand  Riveting. — It  is  often  desired  to  fasten 
together  two  pieces  of  iron  or  steel  by  riveting,  as,  for 
example,  in  joinine  the  plates  that  form  a  steam  boiler. 
Holes  are  punched  or  drilled  through  both  pieces,  and  a 
rivet,  which  is  a  pin  having  a  head  at  one  end,  is  put 
through  troth  holes.  The  small  end  of  the  rivet  is  then  upset 
so  as  to  form  a  second  head.  Riveting  may  be  done  cold, 
but  if  a  tight  joint  is  required  the  rivet  is  heated  and  headed 
while  red  hot;  in  cooling,  it  will  contract  and  draw  the  heads 
together,  thus  making 
the  joint  tighter.  The 
rivet  boles  in  plates  are 
generally  punched;  this 
makes  them  slightly 
tapering,  and  if  two 
punched  plates  are 
joined  the  holes  may 
come  together  in  any 
one  of  three  ways,  as 
shown  in  Fig,  14  (a), 
(b),  and  (it).  If  the  rivets  are  hot  enough,  they  will  readily 
upset  so  as  to  fill  the  holes  in  any  case,  but  passing  them 
through  the  cold  plates  frequently  chills  them  so  that  they 
will  not  upset  properly.  For  this  reason,  when  the  holes 
are  not  in  line,  they  should  be  smoothed  with  a  drift  pin, 
or,  better  still,  reamed  out  after  the  plates  have  been 
clamped  in  position,  as  shown  in  Fig,  14  (d).  The  ream- 
ing also  removes  some  of  the  injured  metal  from  the  sides 
of  the  holes.     The  drift  pin  is  a  smooth,  slightly  tapered 
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pin  that  is  driven  into  the  holes  to  expand  them  in  pkces 
where  they  are  too  small,  thus  giving  them  an  even  taper. 
The  reamer  gives  the  same  result  by  cutting  away  the 
rough  edges  of  the  hole.  Drifting  strains  or  distorts  the 
metal,  and  should  never  be  done  on  any  riveted  joint  that 
must  bear  a  heavy  load.  The  hot  rivet  is  put  into  the  hole, 
and  a  heavy  piece  of  iron  or  a  hammer  is  held  against  the 
head  while  the  second  head  is  being  formed  on  the  other 
end.  The  body  of  the  rivet  should  completely  fill  the  holes 
in  the  plates  after  the  rivet  is  headed. 

14.  Blvetlng  HschlneB. — Where  a  large  number  of 
rivets  are  to  be  headed,  the  work  is  done  by  machine,  which 
does  it  much  faster  and  better  than  it  can  be  done  by  hand, 
because  the  rivet  is  headed  before  it  has  had  time  to  cool. 
The  hammer  of  the  riveting  machine  is  sometimes  driven  by 
compressed  air  at  the  rate  of  several  hundred  blows  per 
minute,  the  rapidity  of  the  blows  being  more  necessary 
than  their  force.  In  forming  the  head,  quick  blows  with  a 
light  hammer  upset  and  spread  the  iron,  while  heavy  blows 
tend  to  bend  it.  Another  form  of  riveting  machine  presses 
the  end  of  the  rivet  into  a  head  by  forcing  a  forming  die 
against  it.  This  machine  is  operated  by  compressed  air  or 
by  water  pressure,  and  gives  satisfactory  results,  as  the  flow 
of  the  metal  under  the  heavy  pressure  completely  fills  the 
rivet  holes.  In  taking  riveted  plates  apart,  it  is  better  to 
drill  the  rivets  out  than  to  drive  them  through,  since  it 
is  less  liable  to  injure  the  plates. 


FOROIKO  STRUCTURAL  SHAPES 
15.  Bending  Angles. — With  the  more  general  use  of 
structural  shapes  and  plates,  it  has  become  necessary  to 
bend  angles,  I  beams,  deck  beams,  etc.  into  various  shapes 
or  forms.  Where  a  considerable  amount  of  this  class  of 
work  is  be  done,  bending;  plates,  Fig.  15,  are  used;  these 
are  large  surface  plates  with  holes  in  their  surfaces,  in  which 
are  fixed  the  dogs  and  clamps  for  holding  the  work.     For 
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bending  the  angle  a  to  the  desired  curve,  the  form  d  is  first 
clamped  to  the  bending  plate  by  means  of  a  dog  c;  the  end  of 
the  angle  is  also  held  down  by  means  of  a  dog  d.  These  dogs 
are  simply  curved  pieces  of  metal  that  are  sprung  into  the 
boles  in  the  plate  and  driven  down  into  contact  with  the  work. 


The  angle  is  bent  around  the  form  by  means  of  a  moon  e, 
which  is  a  crescent-shaped  piece  of  metal  secured  to  a  long 
arm  and  provided  with  a  pin  or  tongue  near  the  end.  This 
tongue  is  dropped  into  one  of  the  holes  in  the  plate,  and  the 
angle  is  bent  by  sweeping  the  moon  around.     Of  course,  as 


the  angle  bends,  the  outer  edge  of  the  projecting  flange  will 
be  stretched  and  drawn  thin,  and  care  must  be  taken  to  see 
that  it  does  not  buckle.  By  careful  handling,  very  sharp 
curves  can  be  bent  in  this  way.  Fig-  16  (a)  shows  an  angle 
that  has  been  bent  into  a  circle  and  afterwards  welded,  while 
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Fig.  16  (6)  shows  an  angle  bent  to  form  the  frame  for  a 
door;  both  of  these  were  bent  around  forms  by  the  use  of 
moons.  Large  bending  floors,  made  up  of  several  bending 
plates  laid  side  by  side,  are  used  in  bending  very  large 
work.  Forms  made  of  iron  or  steel  bars  bent  to  the  proper 
shape  are  clamped  on  the  bending  floor  with  dogs,  as  shown 
in  Fig.  17,  The  piece  to  be  bent  is  then  forced  around  the 
form  by  means  of  moons. 


aiiii>  /j'V"-   ''^'i^ — ( 


16.  Weldlngr  Angles. — In  some  classes  of  work,  it  is 
often  necessary  to  bend  angles  and  other  structural  shapes 
to  such  sharp  angles  that  it  is  impossible  to  make  the  metal 
flow  to  the  desired  form.  Four  examples  of  this  nature  are 
shown  in  Fig.  18.  In  making  the  piece  shown  at  (a),  it  is 
necessary  to  cut  out  a  portion  of  the  inside  Hange  of  the  angle 
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at  the  point  a,  so  that  the  angle  before  bending  will  appear 
as  shown  in  Pig.  18  (.e).  After  bending,  tbe  faces  b  and  c 
are  brought  together  and  welded.  In  like  manner,  the  outer 
corners  d,  e  of  tbe  piece  in  Fig.  18  (^}  naust  be  split  and  pieces 
welded  in  after  bending.  Similarly,  piecfes  mnst  be  cut  out 
of,  and  others  welded  into,  the  webs  of  pieces  (c)  and  {.d).  If 
the  parts  are  kept  clean  and  the  fire  in  proper  condition  wbeti 
making  these  welds,  no  flux  is  necessary,  as  the  flux  tends, 
in  many  cases,  only  to  eat  away  the  surface  of  the  metal. 


17.  Bendingr  Structural  Shapes. — Channels,  I  beams, 
deck  beams,  and  other  structural  shapes  are  bent  by  using 
proper  forms.  In  some  cases,  it  is  necessary  to  have  an 
outline  of  the  sectional  shape  formed  in  the  side  of  the 
former  used.  ■  In  all  work  on  structural  shapes,  care  must 
be  taken  to  see  that  the  steel  is  not  heated  very  far  above 
the  point  of  recalescence,  except  for  welding;  and  any  pieces 
that  must  be  heated  to  a  higher  degree  should  be  allowed 
to  cool  after  they  are  forged  to  shape,  and  then  heated  to 
just  above  the  point  of  recalescence,  and  allowed  to  cool 
once  more.     This  will  relieve  the  stresses  and  restore  the 
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fine  texture  of  the  metal  and  insure  the  greatest  possible 
strength  in  the  piece. 

18.  Bending;  Plates. — In  bending  plates  into  irregular 
forms,  the;  are  first  brought  roughly  to  shape  under  suitable 
presses  and  are  then  secured  to  the  bending  floor  by  means 
of  dogs,  as  shown  in  Fig.  19.  Suitable  biars  or  supports  are 
placed  at  the  sides,  and  the  plates  formed  to  a  templet  by  the 
use  of  wooden  mauls,  three  of  these  mauls  being  shown  on 
the  bending  floor  in  Fig.  16.  By  careful  work  in  this  way,  a 
plate  can  be  formed  to  any  required  shape. 


BLBCTBIC    WEUJING 

19.  The  Electric  Current. — The  flow  of  an  electric 
current  in  a  wire  is,  in  many  ways,  like  the  flow  of  water 
through  a  pipe.  If  a  pipe  conuects  two  vessels,  one  of 
which  is  placed  much  higher  than  the  other,  the  water  will 
flow  from  the  higher  to  the  lower,  and  will  exert  consider- 
able pressure  at  the  lower  end  of  the  pipe.  It  is  this  pres- 
sure, which  is  measured  in  pounds  per  square  inch,  that 
causes  the  water  to  flow.  In  the  case  of  an  electric  current 
it  is  necessary  to  have  a  pressure  in  order  to  cause  the  flow, 
but  this  pressure  is  measured  in  volts  and  not  in  pounds. 

The  amount  of  water  that  flows  through  a  pipe  is  usually 
measured  in  gallons,  and  the  rate  at  which  the  water  flows 
is  measured  by  the  number  of  gallons  per  minute.  In  the 
case  of  the  electric  current,  the  rate  of  the  flow  is  measured 
in  amperes. 

Now,  when  water  flows  through  a  pipe,  the  bends,  valves, 
and  rough  sides  of  the  pipe  tend  to  prevent  the  flow.  If  a 
fine  wire  netting  is  placed  over  the  end  of  the  pipe,  the  flow 
is  much  reduced  because  the  netting  hinders  the  passage  of 
the  water.  Likewise,  the  flow  of  electric  current  is  hindered 
by  the  resistance  of  the  wire.  The  smaller  the  wire,  the 
greater  its  resistance,  just  as  a  decrease  in  the  size  of  a  pipe 
will  increase  the  resistance  to  the  flow  of  water.  The  current 
will  heat  the  wire,  and  the  larger  the  number  of  amperes,  the 
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greater  is  the  heating  effect.     By  increasing  the  flow  of  cur- 
rent, it  is  possible  to  heat  the  wire  to  its  melting  point. 

20.  Theory  of  Electric  Welding.— The  fact  that  the 
temperature  of  a  body  is  raised  by  passing  a  current  of  elec- 
tricity through  it  is  the  principle  on  which  eiet-trle  vrel<liii(c 
depends.  The  heating  is  greatest  at  the  point  where  the 
resistance  is  greatest,  which  is  at  the  contact  surface  between 
the  ends  of  the  pieces  to  be  welded.  Hence,  in  electric 
welding,  the  ends  of  the  pieces  to  be  welded  are  brought  to 
a  welding  heat  by  passing  a  large  current  through  them,  and 
when  they  are  heated  they  are  pressed  together  firmly,  thus 
forming  the  weld.  The  heating  power  of  a  current  depends 
on  the  rate  of  flow,  or  the  number  of  amperes.  In  electric 
welding,  the  pressure  may  be  only  a  few  volts  or  even  a  frac- 
tion of  a  volt,  while  the  current  is  large;  that  is,  a  large 
number  of  amperes  is  required  to  obtain  the  necessary  heat- 
ing effect. 

21.  Apparatne  Used  In  Electric  Welding. — An  elec- 
tric welding  machine  must  provide  means  for  holding  the 
pieces  to  be  welded,  for  heating  them  by  the  electric  current, 
and  for  forcing  them  together  to  form  the  weld.  A  welding 
machine  used  in  welding  fiat  iron  hoops,  shown  in  Fig.  20, 
consists  of  a  heavy  cast-iron  base  a  that  supports  two 
clamps  &,  c,  which  are  made  of  bronze  and  operated  by  the 
handles  d  and  c.  The  clamp  *  is  fixed,  but  the  clamp  c  can 
be  moved  toward  the  clamp  d  by  means  of  the  lever  /. 

To  form  a  weld,  the  ends  of  the  hoop  are  fixed  firmly  in 
the  clamps,  as  shown,  the  ends  brought  together,  and  the 
current  turned  on.  The  current  passes  into  one  end  of  the 
hoop  from  the  clamp  d,  across  the  minute  air  gap  between 
the  ends  of  the  hoop,  and  then  back  through  the  clamp  c. 
But  the  resistance  of  this  small  air  space,  or  gap,  between 
the  ends  is  great  enough  to  bring  the  metal  ends  to  a 
welding  temperature.  As  soon  as  the  welding  temperature 
is  reached,  the  lever  /  is  pulled  toward  the  left,  when  the 
joint  at  £■  straightens  and  moves  the  clamp  c  to  the  left. 
This  forces  the  two  ends  together  and  thus  completes  the 
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weld.  Water  flows  through  the  pipes  h,h  into  the  clamps, 
which  are  hollow,  and  prevents  them  from  becoming  over- 
heated. The  rubber  tube  h'  allows  water  to  circulate  from 
one  clamp  to  the  other,  and  permits  the  clamp  c  to  be  moved, 
which  conld  not  be  done  if  h'  were  a  solid  pipe. 

Since  water  and  iron  are  both  conductors  of  electricity,  a 
small  part  of  the  current  will  flow  from  one  clamp  to  the 
other  through  the  water  in  the  tube  h'  and  through  the  lower 
solid  part  of  the  hoop.     But  since  the  resistance  aloDS  each 


of  these  paths  is  much  greater  than  that  directly  between  the 
clamps,  the  small  amount  of  current  thus  lost  does  not  affect 
the  action  of  the  machine.  By  changing  the  form  of  the 
clamps,  this  machine  can  be  used  for  other  classes  of  work. 

22.  Spoclnl  Applications  of  Electric  Welding. 
Electric  welding  is  especially  useful  for  a  mimber  of  classes 
of  work.  In  ice-making  plants,  long  coils  of  pipe  free  from 
joints   are   required.     These   are    made   by  butt-welding   a 
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number  of  short  pieces  into  one  long,  straight  piece  and  then 
bending  this  into  the  required  coil.  The  short  pieces  are 
welded  by  electricity.  If,  after  the  coil  is  complete  and 
tested,  a  leak  develops,  the  leaky  section  can  be  cut  out 
and  a  piece  welded  in  its  place.  Electric  welding  is  much 
used  for  the  joining  of  street-car  rails,  the  work  being  done 
without  removing  the  rails  from  the  track.  It  is  also  used 
for  welding  tires  or  other  continuous  sections. 

23,  AAvantSLges  ot  Electric  Welding. — When  a  piece 
is  heated  in  a  fire,  there  is  danger  of  burning  the  metal  at 
the  surface  before  the  center  becomes  hot  enough  for  weld- 
ing; this  is  due  to  the  fact  that  the  heat  travels  from  the 
outside  toward  the  center.  In  electric  welding,  the  reverse 
is  true,  as  the  heat  travels  from  the  center  to  the  outside, 
and  hence  the  chances  of  burning  the  metal  are  very  much 
less  in  the  electric- welding  process  than  in  the  other.  Also, 
since  the  heat  travels  from  the  center,  the  center  is  naturally 
hottest,  and  hence  the  weld  is  best  at  the  center.  In  electric 
welding,  the  temperature  can  be  closely  regulated,  and  the 
danger  of  injuring  the  metal  thus  made  very  slight.  While 
the  work  is  being  heated  for  electric  welding,  it  is  always 
held  in  clamps  and  the  proper  relationship  of  the  parts  thus 
assured.  By  the  electric-welding  process,  metals  can  be 
welded  that  cannot  be  united  in  any  other  way;  as,  for 
instance,  copper  and  all  the  copper  alloys  may  be  welded  by 
this  process.  Pieces  that  have  been  partly  or  wholly  finished 
can  be  welded  by  the  electric  process  without  injuring  the 
finish  beyond  the  weld.  It  is  claimed  that  the  cost  of  fuel 
is  not  greater,  and  is  generally  less  than  in  forge  welding, 
while  the  labor  and  time  required  are  both  greatly  reduced. 


EFFECT  OF  REPEATED  HEATINGS  ON  UETAI< 
24.  Erfect  of  Repeated  Heating  on  Cast  Iron, — If 
cast  iron  is  heated  repeatedly,  it  will  increase  in  size  with 
each  successive  heating;  the  volume  has  been  increased  as 
much  as  40  per  cent.  This  heating  opens  the  grain  of 
the  metal  and  weakens  it  very  greatly.     Hence,  gray-iron 
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castings  should  not  be  exposed  to  repeated  heatings  if  it  is 
desired  that  they  retain  their  form  and  size.  This  increase  of 
volume  of  the  metal  has,  however,  been  put  to  practical  use 
for  increasing  the  size  of  parts  that  have  become  worn  to  such 
an  extent  that  they  no  longer  till  the  space  for  which  they 
were  originally  intended.  To  do  this,  the  pieces  are  packed 
in  air-tight  boxes  or  tubes,  heated  to  a  dull  red,  and  then 
allowed  to  cool. 

25.  Effect  of  Repeated  Heating  on  Wronfirht  Iron 
or  Steel. — It  has  also  been  found  that  repeated  heating 
of  wrought  iron  or  low-carbon  steel  reduces  the  volume 
slightly.  Advantage  may  be  taken  of  this  shrinkage  in  cases 
where  it  is  necessary  to  reduce  slightly  the  diameter  of 
holes  in  forgings,  or  the  diameter  of  rings.  If  such  pieces 
are  heated  to  a  dull  red  and  allowed  to  cool  slowly,  or  even 
if  they  are  quenched  in  water,  they  will  usually  be  found 
to  have  decreased  slightly  in  size. 


THKBMIT    WEI-DING 

26.  Thermit. — If  powdered  aluminum  or  aluminum 
filings  are  mixed  with  a  certain  amount  of  powdered  iron 
oxide  and  the  mixture  set  on  fire,  a  temperature  of  5,400"  F. 
may  be  obtained.  Since  this  is  far  above  the  melting  point 
of  iron,  it  is  possible  to  use  this  mixture,  which  is  known 
as  thermit,  in  making  welds, 

27.  Making  a  Thermit  Weld. — Thermit  is  used  very 
largely  for  mending  broken  forgings  and  castings  while  they 
are  in  place,  for  joining  the  ends  of  rails  on  street-car  tracks, 
and  for  similar  work.  An  example  of  thermit  welding  is 
illustrated  in  Figs.  21  and  22.  In  Fig.  21  is  shown  the 
broken  forging,  which  is  part  of  a  ship,  and  which  would 
require  other  parts  to  be  removed  if  it  were  taken  to  a 
shop  to  be  welded.  In  order  to  prepare  it  for  the  thermit 
welding  process,  the  metal  at  the  break  is  cut  away  until 
the  ends  are  separated  slightly,  as  shown.  Then  a  large 
cup-shaped  mold  is  made  around  the  piece  at  the  break,  into 
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which  molten  steel  is  poured.  As  the  mold  encloses  the 
broken  piece,  the  molten  metal  flows  between  the  ends  of, 
and  around,  the  piece,  and  when  cool  forms  a  solid  collar  a. 
Fig.  22,  that  firmly  unites  the  ends  of  the  broken  piece. 

The  molten  steel 
is  called  thermit 
Btecl.  It  is  made  by 
burning  thermit  in  an 
iron  crucible  or  pot, 

Fig.  23.  that  is  lined  ' 

with  refractory  ma- 
terial; the  hole  at  the 
bottom  is  stopped 
with  an  iron  disk  6,  on 
:op  of  which  is  placed 
an  asbestos  washer 
and  a  small  amount  of 

the   refractory   mate-  F'<^-  21  Fic.  zj 

rial  with  which  the  crucible  is  lined.  The  result  of  the  burning; 
is  that  the  oxide  of  iron  is  changed  into  very  hot  molten  steel. 

The  crucible  is  so  placed  that  the  opening  in  the  bottom  is 


above  the  mold  surrounding  the  piece  to  be  welded.  After 
the  thermit  is  burned,  the  rod  a  is  forced  upwards  by  raising 
the  paddle  c,  which  displaces  the  washer  ft  and  allows  the 
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steel  to  flow  into  the  mold.  Since  the  steel  has  sncb  a  hii^h 
temperature,  it  heats  the  broken  surfaces  to  a  welding  heat, 
after  which  it  unites  with  them  and  forms  a  solid  weld.  The 
aluminum  in  the  thermit  forms  slag;,  and  the  mold  should  be 
so  arranged  that  this  slag  may  overflow  and  not  come  in 
contact  with  the  work.  Two  pounds  of  thermit  will  produce 
1  pound  of  thermit  steel  and  1  pound  of  slag.  The  slag, 
however,  will  occupy  three  times  as  much  space  as  the  steel, 
since  it  is  not  so  dense. 

28.  In  some  cases,  the  heat  produced  by  burning  thermit 
is  used  to  heat  other  pieces  for  welding.  For  instance,  two 
pieces  of  pipe  may  be  faced  off  square  on  the  ends,  butted 
together,  fastened  in  suitable  clamps,  and  then  surrounded 
by  a  suitable  mold,  into  which  is  poured  a  quantity  of  thermit 
burned  in  a  ladle.  In  this  case,  the  slag  comes  from  the 
ladle  first,  sticks  to  the  surface  of  the  pipe,  and  thus  prevents 
__4_  the  metal  as  it  flows 


Q  7    from    touching   the 

jj  I    pipe.  The  heat  from 

~l~  the  slag  and  thermit 

P'o.M  steel,  however,  will 

raise  the  ends  of  the  two  pieces  to  a  welding  heat,  after  which 
a  very  slight  pressure  of  the  clamps  will  give  a  perfect  weld. 
Thermit  has  also  been  used  in  welding  broken  locomotive 
frames.  In  this  work,  it  is  not  necessary  to  chip  out  a 
groove  in  the  frame  corresponding  to  the  break,  since  the 
same  result  is  obtained  by  drilling  a  series  of  holes  along 
the  break,  as  shown  in  Fig.  24,  so  that  they  come  within 
tV  inch  or  so  of  each  other,  and  then  arranging  the  mold  so 
that  the  thermit  steel  will  rise  through  these  holes.  The 
hot  metal  will  melt  off  the  points  between  the  holes  and 
form  a  perfect  joint.  The  mold  should  be  arranged  so  as  to 
leave  a  collar  of  metal  about  the  joint,  as  shown  by  the 
dotted  lines  a,  6. 

29,  Construction  of  Holds  for  Thermit  Welds. 
The  molds  for  thermit  welds  should  be  so  constructed  that 
tbe  thermit  steel  will  flow  through  between  the  surfaces  to 
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be  joined,  thus  heating  theni.     The  mold  used  in  joiniDg 

a  locomotive  frame  is  shown  in  Fig.  25.     The  end  of  the 

broken  frame  is  shown  at  a,  the  runner  box  into  which  the 

metal  is  poured  at  b,  and  the  runner  at  e;  the  thermit  Steel 

flows   from  b   through  e  and  rises  around  and   through  the 

break  at  a.    The  amount  of  steel  is  so  calculated  that  it  will 

fill  the  space  about  a,  the  runner,  and  rise  into  /  about  level 

with  the  bottom  of  the  passage  c.     When  the  slag  comes 

down,  it  flows  from  e  through  c 

into  the  riser  /,  and  if  desired 

can    be    allowed    to    overflow 

through  the  opening  d.    In  some 

cases,   however,    the    riser  /  is 

made  as  large  as  the  mold  below 

it,  and  all  the  slag  is  retained  in 

it  and  the  passage  c.      Such  a 

mold  as  this  is  made  of  fireclay 

and   sharp   sand,  and  must  be 

baked  thoroughly  before   it  is 

used. 

Molds  for  thermit  welds  are 
sometimes  made  of  firebrick, 
the  brick  being  cut  to  the  de- 
sired form  and  laid  with  as  thin 
a  layer  of  fireclay  between  the  '"* 

bricks  as  possible.  The  firebrick  also  forms  a  mold  that  is 
not  liable  to  crack,  and  that  can  be  readily  and  quickly  put 
into  place.  The  material  used  for  the  mold  should  be  por- 
ous enough  to  allow  all  gases  to  escape  easily.  If  a  runner 
like  b.  Fig.  25,  is  required,  it  can  be  formed  from  a  single 
firebrick  slab,  the  runner  being  chipped  out  of  the  slab  with  a 
chisel.  Owing  to  the  very  small  amount  of  moisture  present 
in  a  firebrick  mold,  it  ts  possible  to  dry  it  and  heat  it,  by 
means  of  a  gasoline  torch,  before  using. 


^aovGoOt^lc 


SPECIAL  FORGING  OPERATIONS  §6 


80U>BRLNG,  SWEATING,  AMD  BRAZING 


SOLDERING 

30.  Deflnltlone. — The  term  soldering  is  applied  to  a 
process  of  joining  metals  by  means  of  some  metal  or  alloy 
that,  when  applied  in  a  molten  state,  adheres  to  the  heated 
surfaces  to  be  joined  and  unites  solidly  with  them  while  cool- 
ing. Other  operations  of  a  similar  character  are  known  as 
swealing  and  brasing,  which  differ  from  soldering  chiefly  in 
application  and  in  the  kind  of  molten  metal  employed  in 
making  the  joint, 

31.  Bolder. — The  fusible  metal  used  to  join  surfaces  in 
making  a  soldered  joint  is  called  solder.  It  may  be  com- 
posed of  tin  and  lead,  in  which  case  it  is  known  as  soft  solder; 
or  it  may  be  made  of  copper  and  zinc,  or  of  copper,  zinc,  and 
silver,  being  then  known  as  hard  solder,  or  spelter.  Soft 
solder  is  usually  cast  in  short  bars  or  Sticks  that  can  easily 
be  handled;  it  is  also  sometimes  made  in  the  form  of  wire. 
Hard  solder,  or  spelter,  is  usually  in  the  form  of  filings  or 
coarse  powder.  The  proportions  of  the  metals  used  in 
making  a  solder  will  affect  its  hardness.  Soft  solder  may 
be  of  different  degrees  of  hardness,  the  harder  varieties 
being  often  termed  hard  solder,  which  should  not,  however, 
be  confused  with  the  hard  solder  composed  of  copper  and 
zinc.  The  kind  of  solder  known  as  hali-and-kaU,  composed 
of  equal  parts  of  lead  and  tin,  is  suitable  for  joining  lead, 
copper,  brass,  zinc,  and  iron  to  metals  of  the  same  kind,  or 
for  joining  any  of  them  to  any  other  of  the  metals  named. 

32.  Equipment  lor  Bolderin^. — The  equipment 
required  for  ordinary  soldering  is  very  simple,  consisting  of 
a  copper  bit,  a  fire-pot  in  which  to  heat  it,  the  solder,  and  a 
flux  to  clean  the  surfaces  that  are  to  be  united  and  to  assist 
in  the  flow  of  the  solder. 

The  copper  bit,  sometimes  called  a  bolt,  or  solderliiK 
Iron,  Fig.  26,  is  a  piece  of  copper  a  drawn  to  a  point  or 
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edge  and  fastened  to  an  iron  rod  having  a  wooden  handle. 
The  bits  used  for  soldering  must  be  of  sufficient  weight  to 
contain  the  heat  necessary  to  heat  the  metal  and  fuse  the 
solder  during  a  reasonable  length  of  time.     If  they  are. too 


light,  the  soldering  is  apt  to  be  very  uneven  in  quality,  and 
the  bits  will  require  such  frequent  reheating  that  they  will  be 
troublesome.  If  they  are  too  heavy,  the  work  of  handling 
them  will  be  too  laborious. 

33.  Heating  the  Copper  Bit. — The  copper  bit  may  be 
heated  in  a  charcoal  fire  contained  in  a  sheet-iron  tire-pot,  in 
a  blacksmith's  forge,  or  in  a  special  gas-  or  gasoline-fired 
furnace.  The  charcoal  fire  is  rapidly  going  out  of  use,  being 
replaced  by  gas-  or  gasoline-fired  furnaces.  Portable  gaso- 
line-fired torches  are  very  commonly  used  for  outdoor  work; 
for  work  in  the  shop  where  much  soldering  has  to  be  done, 
gas-fired  furnaces  are  generally  employed.     Fig.  27  shows 


one  style  of  gas-fired  furnace.  The  air  and  gas  enter 
through  pipes  a  and  6  and  combustion  takes  place  below  a 
plate  on  which  the  bits  rest;  the  flame  rises  and  passes  about 
the  sides  of  the  bits,  thus  heating  them.  The  bits  extend 
beyond  the  flame,  so  that  the  points  are  not  likely  to  be 
burned  off.  By  properly  adjusting  the  air  and  gas  supply 
for  such  a  furnace,  a  heat  may  be  maintained  that  will  keep 
the  bits  at  the  proper  temperature  without  burning  them. 
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34.  Soldering  Flnld  and  Fluxes.— The  least  film  of 
oxide  DT  of  grease  or  dirt  on  the  surface  of  the  metal  will 
usually  prevent  the  adhesion  of  the  solder;  therefore,  the 
surfaces  to  be  joined  must  be  thoroughly  cleaned,  or  coated 
with  some  substance  that  will  reduce  the  oxides  to  the 
metallic  state  or  that  will  destroy  the  grease  and  deposit 
a  thin  film  of  zinc  on  the  surface  to  be  soldered.  For  this 
purpose,  a  soldering;  fluid  or  some  other  kind  of  Ilnx  is 
used.  Of  all  the  fluxes  used  for  soft  soldering,  the  solder- 
ing fluid  possesses  the  greatest  range  of  usefulness.  It  is 
made  by  placing  small  clippings  of  zinc  in  hydrochloric 
(muriatic)  acid  that  has  been  diluted  with  an  equal  quantity 
of  water.  The  acid  vigorously  attacks  the  zinc,  causing  bub- 
bles of  gas  to  rise  and  forming  .chloride  of  zinc.  Zinc 
should  be  added  until  the  bubbles  cease  to  rise  while  a 
small  amount  of  the  undissolved  metal  remains  in  the  liquid. 
When  the  acid  has  dissolved  all  the  zinc  with  which  it  will 
unite,  the  liquid  is  strained  and  thinned  by  adding  an  equal 
quantity  of  water.  A  few  small  pieces  of  zinc  are  then 
placed  in  the  liquid  to  neutralize  any  free  acid  that  may 
remain. 

The  same  dux  cannot  be  used  on  alt  metals.  Sal  ammo- 
niac is  commonly  used  on  copper  or  brass,  borax  on  iron, 
resin  on  tinned  iron,  and  resin  or  tallow  on  lead.  The  sold- 
ering fluid,  however,  is  the  best  all-round  flux.  By  adding 
i  ounce  of  sal  ammoniac  to  4  ounces  of  the  liquid,  it  can  be 
used  in  soldering  iron  or  steel  without  first  having  to  tin  the 
surfaces  to  be  joined. 

Copper,  brass,  or  iron  not  galvanized  may  be  prepared  to 
receive  solder  by  cleaning  the  surfaces  and  applying  the 
chloride-of-zinc  soldering  fluid.  A  stronger  joint  is  assumed  ■ 
by  tinning  the  metal  before  soldering,  in  which  case  resin  is 
the  proper  flux. 

35.  Tlnnlnir. — In  copper-bit  work,  and  also  in  blowpipe 
work,  there  is  a  preliminary  operation  known  as  tinning, 
in  which  the  metals  to  be  united  are  properly  prepared  for 
soldering.     This  operation  consists  in  spreading  a  thin  layer 
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of  solder  on  the  surfaces  of  the  metals  and  causing  it  tO' 
adhere  and  make  a  firm  metallic  union  therewith.  Its  object 
is  to  so  prepare  the  surfaces  of  the  metals  that  they  will 
readily  unite  with  the  melted  solder  that  is  applied  to  them 
in  the  process  of  soldering.  All  the  common  metals  become 
tarnished  when  exposed  to  the  atmosphere,  and  it  is  neces- 
sary to  remove  the  tarnished  surface  and  thus  expose  the 
bare,  clean,  metal  to  the  influence  of  the  solder;  otherwise, 
the  solder  will  not,  under  ordinary  circumstances,  adhere  to 
the  metal.  In  tinning  metals,  great  care  should  be  taken  to 
give  the  tinning  a  uniform  thickness  and  have  it  free  from 
imperfections.  Care  must  always  be  taken  to  remove  small 
lumps  or  ridges  of  solder  in  the  tinning  coat,  as  they  will 
interfere  with  the  proper  closing  of  joints  and  seams.  Any 
superfluous  solder  can  be  shaken  off  or  wiped  off  with  clean 
waste  or  cloth. 

36.  Tinning  a.  Copper  Bit. — Copper  bits  must  be 
tinned  before  they  can  be  used  for  soldering  purposes.  One 
method,  of  doing  this  is  to  heat  the  bit  until  it  melts  solder 
(but  not  red  hot),  then  lay  it  on  a  brick  or  other  suitable 
material,  and  file  the  flat  sides  at  the  point  to  a  distance  of 
about  1  inch,  or  as  far  back  as  it  may  be  desirable  to  tin  the 
bit.  When  thoroughly  clean,  rub  the  filed  surfaces  on  a  piece 
of  solder  over  which  some  pulverized  resin  has  been 
sprinkled.  The  hot  copper  will  quickly  melt  the  resin  which 
prevents  the  copper  from  tarnishing  before  the  solder  melts. 
The  resin  also  facilitates  the  adhesion  of  the  solder  to  the 
cleaned  copper.  If  the  bit  is  red  hot  it  will  oxidize  the 
instant  that  the  file  leaves  it,  and  tinning  cannot  be  done 
with  resin  as  a  flux.  Another  way  of  tinning  a  bit  that  is  to 
be  used  for  soldering,  is  to  rub  it,  while  hot,  on  a  block  of 
sal  ammoniac  having  a  few  drops  of  solder  spattered  over  its 
surface.  The  sal  ammoniac  reduces  any  oxide  that  may  be 
present  on  the  bit,  and  the  solder  adheres  to  the  clean  copper 
instantly  on  coming  in  contact  with  it. 

Another  quick  way  is  to  dip  the  point  of  the  bit,  while  hot, 
in  a  saturated  solution  of  sal  ammoniac  and  water  before 
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rubbing  it  on  the  solder.  This,  however,  tins  all  four  sides, 
which  is  not  always  desirable. 

When  a  bit  is  overheated,  the  coating  of  solder,  or 
the  tinning,  as  it  is  called,  is  reduced  to  a  yellow  powder 
and  is  destroyed.  The  bit  must  be  tinned  before  it  can 
again  be  used. 

3T.  Making  a  Soldeped  Joint. — In  the  process  of 
soldering,  the  parts  to  be  joined  are  heated  by  a  copper  bii, 
by  a  blowpipe  flame,  or  by  some  equivalent  means,  to  the 
fusing  point  of  the  solder. 

Solder  flows  best  at  high  temperatures,  provided  that  the 
temperature  is  not  so  high  as  to  oxidize  it,  and  will  flow  into 
a  joint  until  it  is  chilled;  therefore,  it  will  flow  farthest  when 
it  possesses  a  large  excess  of  heat  above  that  which  is 
necessary  to  maintain  it  in  the  fluid  condition.  Soldering 
should  not  be  done  with  bits  that  are  barely  hot  enough  to 
melt  the  solder,  because  the  solder  will  unite  only  at  the 
edges  of  the  metal  and  will  not  flow  into  the  joint  properly. 
The  metal  to  be  soldered  may  be  heated  by  contact  with 
the  hot  bit,  and  by  moving  the  bit  just  fast  enough  to  cause  a 
little  melted  solder  to  follow  the 
point.  This  body  of  solder  in- 
creases the  area  of  contact  and 
conducts  heat  from  the  bit  to 
""■■"  the  metal  with  great  rapidity.    In 

working  with  the  blowpipe,  the  necessary  heat  is  applied 
directly  to  the  metal  by  the  flame.  The  flame  must  be 
handled  in  a  manner  that  will  avoid  overheating  or  oxidizing 
either  the  metal  or  the  solder. 

If  two  pieces  of  sheet  brass,  like  those  shown  in  Fig.  28, 
are  to  be  soldered  together,  the  surfaces  to  be  soldered  are 
first  rubbed  clean  and  a  little  of  the  soldering  fluid  is  applied 
with  a  small  brush  or  a  feather.  The  bit  is  then  heated  to 
the  proper  temperature,  which  can  be  determined  by  striking 
it  a  quick  glancing  blow  with  the  hand.  This  removes  any 
dirt  and  exposes  a  clean  tinned  surface.  When  hot  enough, 
the  molten  tin  on  the  bit  has  a  streaked  appearance  when 
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the  hand  is  brushed  over  it.  With  a  little  experience,  the 
proper  temperature  can  be  easily  told  by  this  method. 

When  the  bit  is  properly  heated,  a  drop  of  solder  is  melted 
from  the  stick  with  the  point  of  the  bit  and  allowed  to  fall  on 
one  of  the  fluxed  surfaces,  and  is  spread  over  it  with  the  hot 
bit,  care  being  taken  to  get  the  surface  well  tinned.  The 
other  piece  is  then  prepared  in  the  same  way,  and  both  pieces 
are  placed  in  position  and  pressed  together  with  the  hot  bit. 
The  heat  from  the  bit  heats  the  pieces  of  brass  and  melts  the 
solder  on  the  surfaces;  the  bit  is  then  removed  and  the  pieces 
are  held  together  until  the  solder  has  become  hard.  The 
soldering  fluid  that  still  remains  on  the  pieces  must  be  washed 
off,  so  as  not  to  corrode  the  brass. 

This  method  is  generally  used  for  making  soldered  joints, 
and  the  ability  to  make  neat  and  fast  joints  is  a  matter  of 
practice.  The  method  of  soldering  is  varied  slightly  to  suit 
conditions,  as,  for  instance,  when  two  pieces  are  laid  edge 
to  edge  and  the  molten  solder  is  drawn  along  by  means  of 
the  hot  copper  bit. 

Iron  articles  may  be  tinned  by  thoroughly  cleaning  the 
surfaces  and  treating  them  with  chloride  of  zinc  or  sal 
ammoniac  before  the  solder  is  applied. 

38.  Solderlnf?  Alumlnnm. — All  copper  and  tin  alloys, 
and,  in  fact,  most  metals,  have  oxides  that  can  readily  be 
dissolved  in  some  flux,  thus  leaving  the  surface  of  the  metal 
clean,  so  that  the  solder  may  adhere  to  it.  The  oxide  of 
aluminum,  however,  is  not  soluble  in  any  known  flux;  hence, 
it  is  necessary  to  cover  the  surface  with  the  melted  solder 
and  then  rub  off  the  oxide  with  the  point  of  the  copper  bit. 
In  this  case,  the  bit  does  not  have  to  be  tinned,  but  should 
be  rather  heavy,  so  that  it  will  hold  a  large  amount  of  heat. 
A  good  solder  for  aluminum  Has  the  following  composition: 

Aluminum 1 

Phosphor  tin 1 

Zinc II 

Tin 29 
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In  making  the  solder,  the  aluminum  should  be  melted  first; 
the  zinc  should  then  be  added  in  small  pieces,  taking  care  not 
to  solidify  the  melted  aluminum;   the  tin  should  then  be 
added  in  the  same  way;  and  last  of  all,  the  phosphor  tin 
should  be  added  and  the  mixture  thoroughly  stirred  with  a 
brass  rod.     This  solder  should  be  made  in  a  graphite  crucible. 
The  reason  for  melting  the  metals  in  the  order  given  is  that, 
if  the  metals  with  the  lower  melting  point  were  heated  to 
the  melting  point  of  aluminum,  they  would  be  partly  vapor- 
ized,  thus  destroying  the   proper  proportion  of  the  alloy. 
When  it  is  desired  to  solder  aluminum,  the  bit  is  heated  to  a 
red  heat,  some  solder  is  placed  on  one  of  the  surfaces  to  be 
united,  melted  with  the  copper  bit,  and  then  the  aluminum 
oxide  rubbed  from  the  surface  beneath  the  molten  solder 
until  the  solder  adheres  evenly  to  the  entire  surface.     The 
surface  of  the  other  piece  is  then  treated  in  the  same  way, 
the  two  pieces  placed  together,  and  heated  with  the  copper  bit 
or  with  a  torch  until  they 
unite.     Considerable    skill 
is    required    in    soldering 
aluminum,    and   this   skill 
can  be   obtained  only   by 
practice  and  by  carefully 
following  the  directions 
given. 

SWEATING 

39.  Bw^eatlng  is  a 
term  applied  to  a  process 
of  soldering  metals  with- 
out using  a  copper  bit,  the 
surfaces  to  be  joined  being 
^"^•^  cleaned    and    tinned   with 

solder  and  then  brought  together  and  healed  until  the  solder 
flows  and  unites  the  pieces,  which  may  be  pressed  together 
while  cooling.  The  process  of  eweatluK  on,  as  it  is  usually 
called,  is  frequently  adopted  for  temporarily  holding  in  place 
pieces  of  work  to  be  turned  or  otherwise  finished  to  shape. 
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after  which  the  parts  may  easily  be  separated  by  heating  and 
melting  the  solder  that  holds  them  together. 

In  boring  out  boxes  for  bearings,  the  pieces  are  sometimes 
sweated  together  and  then  bored  and  finished.  After  this 
they  are  again  heated,  in  order  to  melt  the  solder,  and  the 
pieces  taken  apart.  When  brass  boxes  b,  b,  Fig.  29,  are 
sweated  together,  liners  a,  a  are  sometimes  placed  between 
them  to  allow  for  wear  when  in  service.  The  faces  of  the 
brasses  and  the  liners  are  planed  smooth  and  nibbed  bright. 
They  are  then  heated  in  the  forge,  and,  when  hot,  the  brasses 
are  fluxed  with  gal  ammoniac  or  cleaned  with  acid,  and  tinned 
by  the  method  employed  in  tinning  the  copper  bit.  The  liners, 
if  of  iron,  are  fluxed  with  borax  and  tinned.  The  pieces  are 
then  put  together  and  heated  so  as  to  melt  the  solder.  If  they 
are  not  heavy  enough  to  make  a  tight  joint,  they  are  weighted 
down  until  cold.  When  the  pieces  have  been  bored  out  and 
finished  in  the  machine  shop,  they  are  melted  apart  and  the 
liners  taken  out. 


40.  Brazing  is  a  process  for  joining  two  or  more  metals 
by  means  of  a  hard  solder  known  as  spelter,  whose  temper- 
ature of  fusion  is  much  higher  than  that  of  soft  solders,  and 
whose  strength  is  greater.  Hard  solders  are  composed  of 
alloys  of  copper,  zinc,  tin,  silver,  etc,  that  are  varied  to  suit 
the  requirements.  A  good  soft  spelter  is  made  with  one 
part  of  copper  and  one  part  of  zinc;  sixty-five  parts  of  copper 
and  thirty-five  parts  of  zinc  make  a  good  spelter  for  general 
work;  thirteen  parts  of  copper,  five  parts  of  zinc,  and  eighty- 
two  parts  of  silver  make  a  good  spelter  for  soldering  band 
saws.  Coin  silver  is  sometimes  used  as  a  brazing  solder. 
These  metals  are  fused  together,  then  filed  to  a  coarse 
powder,  and  sometimes  made  into  a  paste  by  the  addition  of 
calcined  borax  and  water.  Only  those  metals  whose  temper- 
ature of  fusion  exceeds  that  of  hard  solders,  such  as  iron, 
copper,  and  brass,  can  be  brazed.  In  this  class  of  soldering, 
the  temperature  required  to  fuse  the  solder  is  so  high  that 
soldering  bits  cannot  be  used. 


^aovGoOt^lc 


38  SPECIAL  FORGING  OPERATIONS  §63 

41.  Tools  and  Supplies. — The  heat  is  usually  applied 
to  the  parts  to  be  brazed,  by  means  of  an  intensely  hot  blow- 
pipe fiame.  Large  work,  having  a  considerable  weight  of 
metal,  may  be  heated  in  a  forge  fire.  For  brazing  collars, 
etc.  on  2-  or  3-inch  tubing,  the  fire  is  arched  over  with  coke, 
thus  making  a  hot  chamber  in  which  the  work  may  be 
heated  uniformlv. 


Pic.  30 

42.  In  Fig.  30  is  shown  a  very  convenient  form  of 
blowpipe  to  be  used  in  connection  with  a  bellows.  The 
blowpipe  consists  of  a  gas  pipe  a  having  a  controlling  cock 
attached;  an  air  or  blast  pipe  b,  also  having  a  controlling 
cock  attached;  and  an  iron  pipe  nozzle  c  joined  by  a  special 
casting  to  the  pipes  a  and  b. 

43.  In  Fig.  31  is  shown  a  form  of  blower  suitable  for 
supplying  air  to  the  blowpipe.     It  consists  of  a  single-acting 

bellows  having  an  air  inlet 
check-valve  on  the  inside  of 
the  bottom  board  a,  and  an- 
other on  the  upper  side  of 
the  pressure  board  b  and 
within  ttie  rubber  storage 
bag  c,  which  is  enclosed  by  a 
cord  network  to  prevent  it 
from  bursting. 

The  bellows  is  operated 
as  follows:     The  top  board, 
^"'-  ^'  which  is  hinged  at  the  lower 

end  and  supported  by  a  spring  within  the  bellows,  on  being 
pushed  down  with  the  foot  compresses  the  air  within  the 
bellows  and  forces  a  portion  of  it  through  the  upper  check- 
valve  into  the  rubber  bag.  When  the  pressure  of  the  foot  is 
removed  from  the  pressure  board,  the  bellows  will  again  be 
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filled  with  air  by  the  spring  which  raises  the  pressure  board. 
This  operation  is  continued,  thus  filling  the  rubber  bag  with 
compressed  air,  which  flows  to  the  blowpipe  through  the 
rubber  tube  d  when  the  air  cock  of  the  blowpipe  is  open. 
The  elasticity  of  the  rubber  bag  serves  to  equalize  the  pres- 
sure of  the  blast. 

This  form  of  blower  is  capable  of  furnishing  a  strong  and 
nearly  continuous  blast  through  a  jet  i  inch  in  diameter. 

44.  The  blowpipe  should  be  connected  by  rubber  tubing 
to  a  gas  burner  or  other  supply  and  to  the  blower,  care 
being  taken  that  the  bore  of  the  tubing  is  large  enough  to 
avoid  excessive  friction, 

Air  is  mixed  with  the  gas  before  it  is  consumed,  as  other- 
wise the  flame  is  low  in  temperature  and  gives  off  products 
of  combustion  that  not  only  tarnish  the  metal,  but  also  cover 
it  with  a  coating  that  keeps  the  flame  from  coming  in  contact 
with  it. 

The  gas  should  be  turned  on  first  and  should  be  lighted  at 
the  jet;  air  is  then  admitted  gradually  until  the  flame  is  brought 
to  the  proper  size  and  color.  If  too  much  gas  is  admitted, 
the  flame  will  be  yellow  and  will  blacken  the  work  by  deposit- 
ing a  film  of  carbon  on  it.  If  too  much  air  is  admitted,  the 
flame  will  be  short,  ragged,  and  noisy,  and  the  temperature 
will  be  too  low  to  heat  the  metal  properly.  The  flame  is 
hottest  and  at  its  best  condition  when  it  bums  with  a  pale- 
blue  or  bluish-green  color,  without  any  white  or  yellow  parts. 

45.  Operation  of  Brazing. — The  article  to  be  brazed 
must  be  well  supported,  and  the  joint  should  be  well  bound 
together  with  iron  wire  to  prevent  the  edges  from  warping  out 
of  place  when  heated.  Spelter  is  placed  over  the  joint  or  seam 
in  such  a  manner  that  when  it  fuses  it  will  flow  into  the 
joint.  Powdered  borax  is  then  sprinkled  over  the  joint  or 
seam  for  a  flux,  and  the  blowpipe  flame  is  applied  chiefly  on 
the  thick  parts  of  the  metal  at  first,  so  as  to  heat  the  mass 
uniformly  to  the  temperature  of  fusion  of  the  spelter. 

The  heat  of  the  metal  is  then  increased,  care  being  taken 
to  avoid  giving  much  more  heat  to  the  spelter,  otherwise  it 
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may  be  burned  or  spoiled.  As  soon  as  the  metal  is  hot 
enough,  the  borax  will  fuse  and  flow  over  the  parts;  and  as 
the  heat  rises  a  little  higher,  the  spelter  will  melt  and  flow 
into  the  crevice  and  adhere  to  the  faces  of  the  joint.  The 
spelter  will  sweat  into  a  crevice  for  a  considerable  distance 
if  the  metal  is  clean  and  is  hot  enough. 

46.  The  melting  point  of  the  spelter  and  of  the  metal  to 
which  it  is  applied  may  not  differ  more  than  300°  or  400°; 
consequently,  great  care  must  be  exercised  to  avoid  over- 
heating the  metal.  The  heat  must  be  applied  uniformly, 
otherwise  the  work  is  liable  to  warp;  and  if  the  flame  is 
directed  on  one  spot  too  long,  a  hole  is  liable  to  be  burned 
at  that  point.  When  brazing  metals  that  have  a  low  melting 
point,  the  blowpipe  flame  should  be  promptly  withdrawn  as 
soon  as  the  spelter  flows. 

Sometimes  the  composition  of  brass  tubing  and  sheet 
brass  is  so  uneven  or  the  material  Is  so  impure  that  they 
cannot  be  brazed  satisfactorily.  On  such  material  soft  solder 
only  can  be  used. 

Brass  tubing  is  very  brittle  when  hot;  consequently,  it 
should  not  be  moved  until  it  has  cooled.  The  process  of 
brazing  softens  the  parts  that  are  heated,  and  these  do  not 
return  to  their  original  hardness  on  cooling. 

47.  Small  articles  may  be  heated  in  a  charcoal  fire  with- 
out the  blowpipe;  a  blast,  however,  may  be  used  if  necessary. 
Large  or  heavy  work  may  be  heated  in  a  forge  fire,  for 
which  clean  coke  free  from  sulphur  is  commonly  used.  To 
braze  successfully,  three  things  are  required:  first,  a 
proper  temperature,  neither  too  low  nor  too  high;  second, 
uniform  heating;    third,  proper  fluxing. 

In  selecting  the  spelter  to  be  used,  that  which  will  melt  at 
a  temperature  lower  than  the  melting  point  of  the  metal  to 
be  brazed  must  be  chosen. 

When  brazing  pieces  to  brass  tubes  that  are  made  with  a 
brazed  seam,  it  is  unsafe  to  use  Spelter,  because  there  is 
danger  of  opening  the  seam.  A  more  fusible  solder,  such 
as  silver  solder,  should  be  used. 
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48.  Tjrpes  of  Brazed  Joints. — In  Fisr.  32  is  shown  a 
number  of  joints,  suitable  for  different  classes  of  work.  The 
joint  shown  in  Fig  32  (a)  is  called  a  butt  Joint;  the  lumps 
of  spelter  at  a  are  placed  in  position  ready  for  fusion.  The 
strength  of  this  joint  is  slight,  depending  on  the  area  of  the 
surfaces  that  are  united  by  the  spelter.  The  strength  is 
greatly  increased  by  lapping  the  plates,  as  in  Fig.  32  {b). 
An  equal  amount  of  strength  may  be  secured  and  the  appear- 
ance greatly  improved  by  beveling,  or  splaying,  the  edges. 


as  in  Fig.  32  (f),  provided  that  the  plates  are  thick  enough  to 
permit  the  beveling  to  be  extended  to  a  sufficient  width.  The 
strongest  joint  for  sheet  metals  is  made  by  dovetailing  the 
edges  together  before  brazing,  as  in  Fig.  32  {d). 

Thin  tubing  may  be  joined  by  a  slip-Joint,  as  shown  in 
Fig.  32  {e),  by  first  annealing  one  of  the  ends  and  forming 
it  into  a  socket.  The  end  is  flared  out  by  means  of  a  drift 
pin  or  plug,  care  being  taken  not  to  split  the  pipe,  after 
which  the  metal  is  expanded  by  hammering  until  the  other 
end  will  enter  properly. 
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Circular  butt  Joints  may  be  strengthened  by  means  of 
a  band  put  on  externally,  as  in  Fig.  32  (/);  or  by  an  internal 
ferrule,  as  in  Fig.  32  {g). 

A  koob  brazed  to  the  end  of  a  rod  i^  shown  in  Fig.  32  (A), 
To  do  this  job  properly,  the  spelter  must  flow  into  the  socket 
and  secure  the  shank  of  the  knob.  A  good  joint  cannot  be 
made  by  merely  securing  the  edges  at  a.  The  rod  should 
be  held  vertically  in  a  suitable  fire  or  flame  until  the  socket 
is  well  heated,  at  the  same  time  heating  the  knob  also. 
Borax  and  spelter  are  then  placed  in  the  socket,  and  as  soon 
as  the  spelter  is  melted,  the  shank  of  the  knob  should  be 
inserted  and  pressed  into  place.  The  spelter  will,  flow  out- 
wards by  being  displaced  by  the  shank,  filling  the  entire 
joint;  or  the  space  6  at  the  end  of  the  shank  may  be  filled 
with  spelter,  as  shown,  and  the  knob  inserted.  If  the  knob 
and  socket  are  then  heated  in  an  inverted  position,  the  spelter 
in  i  will  flow  around  the  shank  and  sweat  down  to  the  rim  a. 


49.  Brazing  the  Joint  of  a  Pair  of  Tweezers. — The 

brazing  of  a  pair  of  tweezers,  shown  in  Fig,  33,  is  a  good 
example  of  flat  brazing.  The  surfaces  to  be  brazed  are 
cleaned,  then  some  of  the  spelter  is  applied  to  each  surface, 
and  the  pieces  tied  together  with  a  fine  iron  wire  and  heated 
sufficiently  to  melt  the  spelter.  The  heat  may  be  applied 
with  a  blowpipe  or  by  holding  the  pieces  in  a  pair  of  hot 
tongs.  When  the  spelter  is  melted,  the  piece  is  cooled  and 
the  iron  wire  is  taken  off.  If  the  pieces  are  clamped  in  hot 
tongs,  the  iron  wire  may  be  omitted,  the  pieces  being  placed 
in  their  proper  position  and  held  there  by  the  tongs. 

50.  Brazing  Tempered -Steel  Articles. — In  brazing  a 
tempered-steel  article,  the  heating  should  be  done  carefully, 
so  as  to  draw  the  temper  as  little  as  possible.  The  selection 
of  the  proper  spelter  or  solder  is  also  important.  If  an 
article  tempered  to  a  dark-blue  color  is  to  be  brazed  without 
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spoiling  the  temper,  a  spelter  that  will  melt  below  600°  must 
be  used.  As  this  spelter  is  not  as  strong  as  the  harder 
kinds,  the  brazed  surfaces  must  be  larger,  so  as  to  make  the 
joint  equally  strong. 

When  brazing  steel  articles  that  are  to  be  tempered,  the 
pieces  are  sometimes  held  together  by  snapping  a  small 
metal  clip  over  the  joint,  to  retain  the  pieces  in  their  proper 
position.  This  clip  is  left  on  after  the  brazing  is  completed 
and  while  the  piece  is  being  tempered,  provided  that  the 
tempering  is  done  after  the  brazing.  By  this  means,  the 
pieces  may  be  brazed  with  hard  solder  or  silver,  and  sub- 
sequently tempered,  the  clip  or  clamp  being  removed  after 
the  work  is  finished. 

51.  Butt  Brazlus. — If  two  thin  pieces  are  to  be  butt- 
brazed — that  is,  brazed  end  to  end,  as  in  making  a  butt  weld — 
the  pieces  must  be  held  in  position  in  a  bench  vise,  hand 
vise,  or  clamp,  and  the  heat  applied  with  a  pair  of  tongs  or 
with  a  blowpipe.  The  surfaces  to  be  brazed  are  fluxed  with 
borax  and  then  clamped  in  position,  and  a  little  spelter  is 
sprinkled  on  the  side  over  the  joint.  Heat  is  then  applied  by 
means  of  a  blowpipe,  a  Bunsen  burner,  or  a  hot  iron,  until  the 
pieces  are  hot  enough  to  melt  the  spelter,  which  will  then 
flow  into  the  joint.  By  giving  one  of  the  pieces  a  slight  tap 
on  the  end,  the  pieces  are  brought  tightly  together.  They  are 
then  allowed  to  cool  and  the  remaining  spelter  is  scraped  oS. 


52.  X<ap  Brazlnff. — Band  saws  are  always  lap-brazed, 
the  two  ends  being  filed  to  make  an  accurate  joint.  Silver 
solder  is  generally  used,  being  applied  between  the  two  sur- 
faces; or  the  surfaces  rnay  be  coated  with  borax  and  the 
solder  allowed  to  flow- into  the  joint.    Fig.  34  shows  the  two 
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ends  of  a  basd  saw  filed  for  brazing.  The  pieces  are  clamped 
toeetber  or  tied  with  a  wire  after  haviog  been  fluxed.  The 
spelter  is  laid  over  the  joint,  or  it  may  be  put  between  the 
pipces.  When  the  heat  is  applied,  the  spelter  melts,  and 
the  pieces  must  be  squeezed  tightly  together.  Silver  coins 
contain  10  per  cent,  of  copper,  and  make  a  good  hard  solder. 
The  coin  is  pounded  out  until  thin,  and  then  clamped  between 
the  surfaces  to  be  brazed  and  the  heat  applied. 

53.  Brazing  Cast  Iron. — Cast  iron  contains  carbon, 
which  prevents  most  metals  from  adhering  to  its  surface. 
This  diflBculty,  however,  is  overcome  by  first  coating  the  sur- 
face to  be  brazed  with  a  metallic  oxide,  usually  oxide  of 
copper,  made  into  the  consistency  of  varnish  and  applied  to 
the  surface  with  a  brush.  The  metallic  oxide  when  heated 
acts  as  a  reducer  of  the  carbon  on  the  surface  of  the  cast  iron 
to  be  brazed^  it  really  decarbonizes  the  surface  of  the  metal 
for  a  short  distance  below  it.  The  removal  of  the  carbon 
leaves  the  surface  of  the  metal  with  an  open  structure,  since 
the  spaces  that  formerly  contained  carbon  are  left  empty. 
After  coating  with  oxide  of  copper,  the  surface  of  the  metal 
to  be  brazed  is  brought  to  a  red  heat  by  means  of  gas 
torches,  or  blast  lamps.  The  oxide  of  copper  is  reduced  to 
metallic  copper  and  unites  with  the  metal  at  the  surface  of 
the  break.  After  the  metal  is  brought  to  the  required  tem- 
perature, about  1,800*  P.,  ordinary  brass  filings  are  put  into 
the  fracture  and  melted,  as  in  the  ordinary  brazing  process. 
The  fact  that  the  carbon  is  extracted  from  the  iron  for  a  short 
distance  below  the  surface  allows  the  brazing  material  to 
secure  a  firm  grip  on  the  surface  of  the  metal,  and  results  in 
very  strong  brazed  joints.  A  brazing  solder  as  strong 
or  stronger  than  cast  iron  is  usually  employed;  hence,  the 
joint  is  as  strong  as  the  original  casting.  The  only  difficulty 
with  this  brazing  process  is  that  the  heating  of  the  iron 
expands  it  permanently;  hence,  in  some  cases,  finished 
machine  parts  united  in  this  way  must  afterwards  be  brought 
to  the  proper  size. 
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BENDING  BRASS  AND  COPPER  PIPE 

54.  AnoealinK  Brass  and  Copper  Pipe. — Whenever 
a  piece  of  brass  or  copper  pipe  Or  tubing  is  ,to  be  bent  or 
shaped,  it  must  first  be  annealed,  which  should  make  it  so 
soft  that  the  smaller  sizes  can  be  bent  by  hand.  This 
annealing,  or  softening,  is  done  by  heatingf  the  metal 
evenly  to  a  dull-red  heat  and  then  plunging  it  into  cold  water. 
In  this  process,  care  must  be  taken  not  to  overheat  brass. 

55.  Beudlne  Small  Tubing.— The  simplest  way  to 
make  a  bend  in  a  small  tube  is  to  turn  a  block  of  hardwood 
to  the  radius  of  the  desired  curve  and  then  bend  the  pipe 
about  the  block.  When  the  radius  is  small,  this  may  be  done 
as  shown  in  Fig.  35,  a  being  the  block  about  which  the  pipe 
is  to  be  bent  and  d  a  square  block  of  the 
same  thickness,  clamped  in  a  vise  b,  6, 
so  as  to  hold  the  end  of  the  pipe  during 
the  bending.  After  the  two  blocks  a,  d 
are  so  placed  that  the  pipe  can  just  be 
slipped  between  them,  the  end  of  the 
pipe  c  is  slipped  through  to  the  point 
where  it  is  desired  to  form  the  bend,  and 
the  other  end  is  carried  around,  as  indi- 
cated by  the  dotted  lines,  to  the  desired 
angle.  If  a  greater  bend  than  180"  is  "°'  *" 
made,  it  is  sometimes  difficult  to  remove  the  wooden  block 
from  the  tubing. 

In  some  cases,  a  groove  is  turned  about  the  block  a,  the 
radius  of  the  groove  being  equal  to  the  radius  of  the  outside 
of  the  pipe,  so  that  the  pipe  will  bed  itself  in  the  groove 
while  being  bent.  This  aids  in  keeping  the  pipe  from 
flattening.  This  simple  device  will  serve  to  bend  pipe  up 
to  i  inch  in  diameter,  and  is  sometimes  used  for  larger  sizes. 

56.  Support  of  TubtnK  While  It  is  Being  Bent. 
In  order  to  prevent  the  tubing  from  kinking  or  flattening 
while  being  bent,  it  is  necessary  to  fill  the  inside  with  some 
snbstaoce.     Sometimes,  when  there  is  a  thread  on  each  end 
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of  the  tube,  it  is  filled  with  sand  and  a  cap  screwed  on  each 
end;  or  the  tube  may  be  filled  with  water  and  the  ends 
capped.  When  water  is  used  as  a  filling  material,  care  must 
be  taken  to  fill  the  pipe  completely,  for  if  it  contains  any  air 
the  latter  may  be  compressed  and  allow  the  pipe  to  flatten 
at  some  point,  The  more  common  practice  is  to  fill  the 
tube  with  melted  resin  and  allow  this  to  harden.  During 
bending,  the  resin  will  be  pulverized,  but  it  will  prevent  the 
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tube  from  flattening.  After  the  bend  is  made,  the  resin  can 
easily  be  melted  and  run  out.  Pipes  less  than  S  inch  in 
diameter  are  bent  without  filling.  Occasionally,  if  the  metal 
is  thiclt,  it  is  possible  to  bend  larger  pipes  in  this  manner, 
but  no  risk  should  be  taken  if  a  good  bend  is  required. 

57.  Bendltifr  LarRe  TublnR. — When  it  is  necessary  to 
bend  large  tubes,  some  special  device  must  be  used.  The 
one  shown  in  Fig,  36  has  been  found  very  convenient.     This 
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consists  of  two  wheels  a  and  b  arranged  as  shown.  The 
wheel  a  is  clamped  in  a  vise  or  by  means  of  a  special 
clamp.  If  it  is  required  to  bend  greater  angles  than  90°,  the 
vise  or  clamp  must  be  so  located  that  the  lever  c  can  make 
the  desired  portion  of  a  revolution.  The  lever  c,  which  is 
forked  at  the  end  and  carries  the  wheel  ^,  is  pivoted  to  the 
pin  g  passing  through  the  center  of  the  wheel  a.  Attached 
permanently  to  the  wheel  a  is  a  clamp  or  yoke  d  that  is  so 
arranged  as  to  hold  the  tube  in  its  proper  position.  The 
radius  of  the  wheel  a  must  be  equal  to  that  of  the  desired 
carve,  and  the  outside  of  each  wheel  is  turned  to  such  a  form 
that  when  the  wheels  are  in  position  they  barely  allow  the 
tube  to  pass  between  them,  thus  preventing  any  tendency  to 
flatten  or  buckle  on  the  part  of  the  metal  that  is  being  bent. 
The  clamp  e  is  placed  on  the  tube  to  be  bent,  so  that  it  will 
locate  the  point  at  which  the  bend  is  to  begin,  on  a  straight 
line  between  the  centers  of  the  wheels  a,  b.  After  the  tube  is 
in  place,  the  lever  c  is  carried  around  the  wheel  a  and  the 
pipe  formed  as  desired.  To  remove  the  bent  tube,  the  pin  A 
maybe  removed  to  allow  the  wheel  b  to  be  taken  out;  or  the 
pin^  may  be  removed,  thus  allowing  the  entire  lever  c  to  be 
taken  away  from  the  wheel  a.  The  radius  of  the  larger 
wheel  a  is  made  from  iV  to  iV  inch  less  than  that  of  the  cor- 
responding radius  of  the  pipe,  to  allow  for  the  spring  when  the 
pipe  is  released.  The  wheel  b  is  made  as  small  as  the  stresses 
on  it  will  permit.  

ESTIMATING   STOCK 

58.  The  amount  of  stock  necessary  for  any  piece  of  work 
can  be  calculated.  Nearly  all  complicated  forgings  can  be 
separated  into  several  simple  parts  and  the  lengths  of  these 
measured  and  their  weights  calculated.  But  generally  such 
estimates  are  made  by  direct  measurements  and  the  use  of 
Tables  II,  HI,  IV,  and  V.  The  lengths  are  found  by  means 
of  a  templet,  string,  soft  wire,  dividers,  or  wheel.  The  line 
measured  in  curved  work,  to  find  the  amount  of  straight 
stock  necessary,  is  a  line  midway  between  the  inner  and  the 
outer  curves,  as  this  is  neither  shortened  nor  lengthened  in 
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the  bending  operations.  The  wire  or  string  is  laid  on  this 
line  of  the  drawing,  templet,  or  work  that  is  to  be  duplicated, 
and  is  then  straightened  out  on  the  stock.  Likewise,  the 
dividers  may  be  stepped  along  this  line  and  the  same  number 
of  steps  repeated  on  the  stock, 

'  While,  theoretically,  the  finished  work  contains  the  same 
weight  of  stock  as  the  piece  started  with,  there  is  a  slight 
loss  on  account  of  scale  and  burning.  Additional  allowance 
must  be  made  in  cutting  stock  for  the  lap  in  welds.  This 
extra  length  varies  with  the  area  of  the  piece  and  the  style 
of  weld,  and  ranges  from  i  inch  to  1  inch.  Small  stock 
usually  requires  a  greater  extra  length  than  heavy  stock. 
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UBEFUIi  TABLES 
The  teini>eratures  given  in  Table  I  have  been  adopted  as 
standards  in  work  conducted  at  the  plant  of  the  Bethlehem 
Steel  Company,  South  Bethlehem,  Pa.,  by  Messrs.  Taylor 
and  White,  who  have  carried  on  quite  extensive  experiments 
in  regard  to  teraperatures. 

TABIjE  I 

TBMPERATUBBS    CORBBSPONDINO    TO    TABIOITa    COLORS 


Color 

Degrees  F. 

Dark  red,  blood  red,  low  red 

1,050 

Light  cherry  red,  brigrbt  cherry  red,  scaling 

Salmon,  orange,  free-scaling  heat 

Light  salmon,  light  orange 

1,650 
1,735 

2  200 

In  making  calculations  of  stock,  tables  giving  the  weight 
of  various  materials  will  be  found  very  useful.  Table  II 
gives  the  weight  of  square  and  round  wrought-iron  bars; 
Table  III,  the  weight  of  flat  bar  iron;  Table  IV,  the  weight 
of  sheet  iron;  and  Table  V,  the  weights  of  different  metals 
in  ordinary  use.  Table  VI  gives  the  weight,  volume,  and 
measure  of  water;  while  Table  VII  gives  the  sizes  of  rivets 
and  the  weight  per  hundred. 

*Heat  at  which  scale  forms  and  adheres,  i.  e.,  does  not  fall  away  . 
from  tb«  piece  when  allowed  to  cool  in  air. 
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WEIGHT    OF    SQUARE    AND 

BOUND 

WROuom 

IBON. 

1    FOOT    IN    LENGTH 

- 

"il.' 

■s§ 

^«    « 

=  1. 

02   ■ 

oS  s 

„«   T3 

^a  V 

or  S 

-.5  .0 

III 

iP 

tP 

tP 

A 

.013 

.010 

"! 

64.700 

50.810 

* 

.053 

.041 

68.450 

53-760 

V 

.118 

-093 

72.300 

56790 

.211 

.165 

76.260 

59900 

-47S 

.373 

80.330 

63.090 

.845 

.663 

5 

84.480 

66.350 

1.320 

1.043 

88.780 

69.730 

I.QOI 

1.493 

93.170 

73-170 

2.588 

2.033 

97-660 

76.700 

1 

3380 

2.654 

102.240 

80.300 

4.278 

3-359 

i 

106.950 

84.000 

5.280 

4.147 

1 1 1.750 

87.770 

6.390 

5.019 

116.670 

91.630 

7.604 

5.973 

6 

121.660 

95550 

8.926 

7.010 

i 

132.040 

103.700 

10-352 

8.128 

i 

142.820 

112.160 

11.8S3 

9.333 

i 

154.010 

120.960 

2 

13.520 

10.620 

7 

165.630 

130-050 

i 

15.263 

11.990 

i 

177.670 

139-540 

i 

17.112 

13.440 

i 

190.140 

149.330 

i 

19,066 

14.980 

S 

203.020 

159.460 

i 

21.120 

16.590 

8 

216.330 

169.860 

* 

23.292 

18.290 

i 

230.060 

180.700 

» 

25.560 

20.080 

t 

244-220 

191.810 

i 

27.939 

21.940 

i 

258.800 

203.260 

3, 

30.416 

23.890 

9, 

273-790 

215.040 

* 

33.010 

25930 

i 

289.220 

227.150 

i 

35-704 

28.040 

i 

305.060 

239.600 

i 

38.500 

30.240 

5 

252.380 

i 

41.408 

32.510 

10 

265.400 

i 

44.420 

34.«90 

i 

278.920 

i 

47.534 

37.3,10 

i 

292.690 

i 

50.760 

39.860 

i 

306.800 

4, 

54.080 

42.460 

321.220 

1 

57.510 

4S.170 

"i 

336.000 

1 

61.050 

47.950 

i 
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TABLE 

m 

WEIGHT    OF    A    LINEAL    FOOT    OF    PLAT    BAB    IBON. 

IN    POUNDS 

Thickness,  in  l?ractions  o(  Indies 

II 

1    1   A   1    1    1   A 

i 

f 
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i 

n  ^ 

Weiglit.  i 
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I 
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2.08 

2.50 
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3.34 

li 

•93 

17 
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87 

2 

34 

2.81 

3.28 
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.i 
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30 

I 

56 
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\ 

08 

2 

60 
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20 

8.40 

9 

60 

00 

14.40 

16.80 

19.20 

6 

5.01 

6 

25    7 

SI 

8.76 

_'" 

02 

S3 

IS -03 

17-53 

20.05 
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SPECIAL  FORGING  OPERATIONS 
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TABIiE  IV 

WEIGHT    OF    SHEET    AND    PLATE    IRON 


Thickness 

•s 

J_. 

Thickness 

1 

^1      F-rto 

fflO 

f  an  Inch 

IP 

^1 

mo 

Part  o(  an  Inch 

36 

00400 

.126 

,1 

.I2000 

4.480 

35 

00500 

202 

i  or 

12500 

S-054 

34 

00700 

283 

10 

13400 

5.426 

33 

00800 

322 

9 

14800 

5.980 

33 

00900 

364 

A  or 

15620 

6.305 

31    . 

01 000 

405 

8 

16500 

6.605 

30 

01200 

48s 

7 

18000 

7.270 

29 

oi3qo 

526 

■A  or 

18750 

7.578 

28 

01400 

594 

6 

20300 

S.005 

27 

01600 

677 

A  or 

21870 

8.790 

26 

01800 

755 

S 

22000 

8.912 

25 

02000 

811 

4 

23800 

9.620 

24 

02200 

912 

i  or 

25000 

10.090 

23 

02500 

I 

078 

3 

25900 

10.370 

22 

02800 

I 

137 

A  or 

28120 

11.380 

.Vor 

03125 

I 

259 

2 

28400 

11.525 

21 

03200 

I 

310 

I 

30000 

12.150 

20 

03500 

I 

416 

■ft  or 

31250 

12.580 

19 

04200 

I 

69s 

0 

34000 

13.750 

18 

04900 

I 

975 

Hor 

34370 

13.87s 

17 

05800 

2 

350 

f  or 

37SOO 

IS. 100 

16 

06500 

2 

637 

00 

38000 

IS. 260 

-i^or 

06250 

2 

S18 

Hor 

40620 

16.320 

IS 

07200 

2 

920 

000 

42500 

17.12s 

14 

08300 

3 

350 

xVor 

437SO 

17.650 

A  or 

09370 

3 

780 

0000 

45400 

18.300 

13 

09500 

3 

850 

Hor 

46070 

18.900 

12 

10900 

4 

400 

i  or 

50000 

20.000 
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63  SPECIAL  FORGING  OPERATIONS  G 

TABI.E  V 

WBIOHTS    OF    VARIOUS    MBTAI^    IN    OBDINABT    USB 


Metals 

Weight  of  a 

Cubic  Foot 

Pounds 

Weight  of  a 

CoWc  Inch 

Pounds 

Brass     .    . 

488.75 
513-60 
524.16 
547-25 
543-62 
450-43 
481.50 
486.7s 
709.50 
711.75 
848.74 
490.00 
489.56 
455-68 
428.81 
449-28 

.282 

-297 
-303 

Copper,  plates 

.3.6 

Iron,  plates 

Iron,  wrought  bars 

.278 
.281. 

.491 
.282 
.283 
.263 
.248 

Steel,  plates 

Steel,  soft 

Tin 

Zinc,  rolled 

.260 

TABIjE  VI 

WEIGHT,    TOLnUB,    AND    MZA8URB    OF    WATBR 


Weight 

Volume 

Measure 

8i  pounds 

62^  pounds 

I  pound 

231  cubic  inches 

I  cubic  foot 
27.8  cubic  inches 

I  gallon 
7i  gallons 
1.04  pints 
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SPECIAL  FORGING  OPERATIONS 


§63 


TABLE    VII 

8IZK8    OF    BTTET8    ANI>    WEIGHTS    PBR    100 


In  Inchei 

Leneth 

va?^' 

1 

* 

* 

i 

1 

. 

1* 

.1 

Weiehti. 

in  PouDd 

li 

5-4 

ia.6 

21.5 

28.7 

43- 1 

653 

9IS 

123 

I* 

6.2 

>3 

9 

23 

7 

31 

8 

47-3 

70.7 

98 

4 

'33 

ij 

6.9 

IS 

3 

,  *s 

S 

34 

9 

51.4 

76.2 

105 

0 

142 

a 

7.7 

16 

6 

27 

9 

37 

9 

55-6 

81.6 

112 

0 

150 

>i 

8.5 

18 

0 

30 

0 

4" 

0 

59.8 

87.' 

119 

0 

159 

=4 

g.a 

19 

4 

32 

2 

44 

I 

63.0 

92. S 

126 

0 

167 

=J 

lO.O 

20 

7 

34 

3, 

47 

1 

68.1 

98.0 

'33 

0 

176 

3 

lo.B 

32 

t 

36 

4 

50 

3 

78-3 

103.0 

140 

o 

184 

3i 

11. s 

«3 

5 

38 

6 

S3 

3 

76.5 

109,0 

147 

0 

193 

3* 

12-3 

84 

S 

40 

7 

56 

4 

80.7 

114,0 

iS4 

0 

201 

3! 

I3-I 

26 

2 

42 

8 

59 

4 

84.8 

120.0 

161 

0 

210 

4 

13.8 

27 

5 

45 

0 

62 

5 

gg.o 

125.0 

167 

0 

21S 

4l 

14.6 

28 

9 

47 

I 

65 

6 

93* 

131-0 

174 

0 

227 

4i 

'5-4 

30 

3 

49 

2 

68 

6 

97-4 

136.0 

181 

o 

23& 

4i 

l6.2 

31 

6 

51 

4 

7' 

7 

102.0 

142.0 

1 83 

0 

244 

5 

.6.9 

33 

0 

53 

5 

74 

S 

106.0 

147.0 

195 

0 

J53 

5i 

"7-7 

34 

4 

55 

6 

77 

8 

1 10.0 

153-0 

202 

0 

161 

Si 

18.4 

35 

7 

57 

7 

80 

9 

114.0 

.5S-0 

209 

0 

270 

Si 

.19. a 

37 

I 

59 

9 

84 

0 

iiS.o 

163.0 

216 

0 

278 

6 

20.0 

38 

5 

62 

0 

87 

0 

122.0 

l6q.o 

223 

0 

287 

61 

21.5 

41 

2 

66 

3 

93 

2 

131.0 

180.0 

236 

0 

304 

7 

13.0 

43 

9 

70 

5 

99 

3 

139.0 

191.0 

250 

0 

321 

7i 

14.6 

46 

6 

74 

8 

106 

0 

147.0 

202.0 

264 

0 

338 

S 

26.1 

49 

4 

79 

0 

112 

0 

156.0 

213.0 

278 

0 

355 

8* 

27.6 

52 

1 

83 

3 

iiS 

0 

164.0 

223.0 

292 

0 

372 

9 

29.2 

54 

8 

87 

6 

124 

0 

I73-0 

234.0 

306 

0 

389 

9* 

30.7 

57 

6 

9' 

a 

130 

0 

181.0 

245-0 

319 

0 

406 

lo 

32.2 

60 

3 

96 

1 

136 

0 

1B9.0 

256.0 

333 

0 

423 

,ol 

33.8 

63 

0 

101 

0 

142 

0 

198.0 

267-0 

347 

0 

440 

11 

35.3 

65 

7 

105 

0 

■48 

0 

206.0 

278.0 

361 

0 

457 

ni 

36.8 

68 

5 

109 

0 

'55 

0 

214.0 

289.« 

375 

0 

474 

13 

38.4 

V 

^ 

113 

° 

161 

° 

233,0 

300.0 

388 

" 

49' 
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INDEX 


icMctioa.     TbiB.  "Anvil.  |56,  pl7," 


Air  damber,  158,  p2. 


n  of,  |51 .  I 


151.  pl2. 

fumacs    pTDcen    for    oMlleable    cutingt. 
161.  p19. 

hardening.  f5S.  pe. 

budening  ilcsl,  (58.  p2».  • 

hoiit,  149,  pZ3. 

hirfW,  ScTBMr-govenmi.  |49.  p24. 

tempeiiajf.  158.  p20. 

tempering  furlwce,  |S9.  p3S, 
Aju-metsl,  154,  p3l}. 
JUIoyJng  copper  with  due,  IH,  p30. 
Alloys  mud  miiturea,  f  64.  p26. 

Bismuth  in.  154.  p32. 

Copper  and  line.  {64.  p28. 

Lad  mnd  copper.  |54.  p30. 

yanKsnew  in,  |M,  p31. 

Tin  and  copper,  {54.  p25. 

Use  oE  aluminum  in.  |54.  pZ4. 

Use  of  phosphamx  in,  (54.  pZ3. 

Use  of  silicon  in.  |54.  p2Z. 
Alloy  steel.  Strength  oi.  |6fi.  p30.    ' 

steels.  168.  pi. 

n«el8.  Uethod  uf  annealing.  iSS,  pZff. 
Altar.  157.  p4. 
Alundnum,  Method  of  Hilderin«.  fOS,  p36. 

Uw  of .  in  aUoys,  (54,  p24, 
Anwrinn  antifriction  nwul,  (54,  p35. 
Amperes.  {63.  p22. 
Amlytti  of  gas.  |62.  p23. 
Angle.  Method  of  making,  |57,  p21. 
Anf^es.  Method  of  bendinu.  |63.  pl7. 

Method  of  welding,  {S3.  piO 
Annealed  castioe^.  Disposition  o(,  {53,  p24. 

scrap,  {fil,pll. 


a  cold  chisel.  {58,  pll. 
bnss  and  copper  pipe,  |fl3,  p4S. 
by  packing,  6B,  p4. 
carbon  Reel.  {59.  p4. 
Changes  pmduced  during,  {63,  pi. 
Definition  of,  (5S.  pfi. 
equipment.  Special.  {53.  p31. 
Extent  to  which  is  carried.  {53.  p3. 
iurruloiHl.  {60,  pll. 
high-speed  steels,  (&S.  p29. 
high-speed  tool  steels.  160,  p3tl- 
low-cerbon  steel.  {60.  p9- 
Object  of,  {80,  pfl. 

oil  tempering,  and  case  hardening,  {60,  F 
oven  chimney.  {53.  pIO. 
oven.  Coal-buming  equipment  for.  {53,  pl 
oven.    Coal-dust- burning    equipment    fi 

153,  pie. 
oven.  Gai-bumiDH  equipment  for,'{53,  pl 
oven.  Oit-buming  equipment  for,  {63.  pi 
oven.  Producer-gas- burning  eqiiipment  it 

{53.  plT. 
oven.  Special,  {63.  p31. 
ovens,  {53.  pS. 
ovens.  Charging.  {53,  plB. 
ovens.  Discharning.  {53.  p23. 
ovens,  Doora  tor.  {53,  plO. 
ovens.  Firing.  153,  p20. 
ovens,  HeatiuR,  |53.  pl!. 
ovens.  Use  of  iraveling  cianes  forchargir 

(53,  p33. 


s.  Covering,  {53.  p7. 


pots.  Stuol  for,  {.'.3,  p6. 
process.  Special,  (53,  p35- 
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Belt  conveyers,  |50.  p37. 

rteel  forgines,  (00,  pll. 

Bench  forge,  159.  p32. 

st«l  tor  m^nnst.  iS9.  p28. 

Vise,  {56.  p30. 

W»Ur.  159,  p5. 

Benches,  Core,  ISO.  pl6. 

Anthracite  culm,  156,  pl3. 

Bendinfi,  157.  p6,    . 

Antifriction  metal,  [M,  p3S. 

angles,  163,  pl7. 

br^BS  and  copper  pipe,  163,  p45. 

Antimony,  CharsctEiiaticB  of,  (5*,  p33. 

Definition  of.  157.  p5. 

Anvil,  Ccnrtraction  of,  [SB.  plT. 

floors,  163,  pZO. 

Construction  ol  tace  of,  for  dinwinR 

158, 

large  tubing,  163.  p46. 

pl8. 

plates.  163,  PPIT,  22, 

Hardi.  hole  in.  156.  pl8. 

roUs,  162,  pll. 

MMhod  of  mounting,  for  power  ham 

small  tubing,  1H3,  pt5. 

|61,P4, 

■tmcluial  shapes.  |93,  p2l. 

PodUon  of  work  on,  1B7,  pfl. 

Bends  in  blast  pipes,  {56,  pll. 

Pritchel  hole  in.  |56.  pJ8, 

iettlii«,  ISe,  pi  8. 

steel  for  tools.  15B  p29. 

tools.  158.  p2B. 

Bevel,  (G6,  p3S. 

vi«,  lie,  p30. 

Square,  150,  p35. 

Weidhl  of.  |5fl,  pl8. 

Bismuth,  Characteristics  of.  {S4.  p32. 

p23. 

in  alloys,  {54,  p32. 

ABbeitos  paper,  Use  of,  under  vi»  jtwi 

156, 

p31. 

Black  heart,  lSl,p9, 

Aile»,  Method  of  making,  Wl,  p28. 

B 

Babbitt  metal,  154.  p31. 

Blast  for  culm  or  siftingt.  150.  pt3. 

mewl,  Objecliona  to.  in  forge  fit«.  |56.  pl5. 

furnace,  157,  pi. 

Ball-peen  hammer..  |5B.  ppl9,  20. 

gates.  (56,  p7. 

Band  ring.  Method  of  making.  167,  p3fi 

»ws  for  mcul.  »50.  pSZ. 

Objections  to  excess  of,  158,  pl4. 

«iW3,  M«hod  of  biaiing,  193,  p43. 

pipes,  {56.  pll. 

HKi,  Solder  for.  163,  p44. 

Positive.  (56,  p8. 

Bar  iron.  Weight  of,  per  foot,  163,  p6l. 

Barrels,  EshauBl  tumbling,  1S2,  p31. 

Pressure  of,  for  reverberalory  fumai 

Oblique  tumbling.  150.  p37. 

p7- 

Sand-blast  tumbling.  ISO,  pM. 

Blaiing  off,  158,  p25. 

Tumbling,  ISO,  p33;  152.  p30. 

Blister  steel,  158,  pl- 

Ban.  Cross,  for  flasks,  ISO,  p». 

Bloek.  Bumping.  157.  pl4. 

Method  of  roUing,  |fl2,  p2. 

tin.  {54,  p26. 

Basic  Bessemer  process,  160.  p3. 

Blocks.  Swage,  lSe,p27, 

Bath  for  bluing  steel,  160.  p36. 

Bloom.  {57,  p4;|B2.p2. 

for  cooling  crankpins  and  wrist  pins 

160. 

Blower,  158,  pj. 

p34. 

for  braiing,  {63,  p38. 

Baths.  Arrangement  of  air  pipes  in.  150 

P43. 

Positive  loury.  166,  pB. 

ArranNemint  of.  for  constant  tempera 

Blowen,  119,  pl4. 

159.  p4Z, 

Brine,  ISO.  p*2. 

Blowpipe  for  braiinfi,  16,1,  p38. 

for  case-hardening  work.  |60,  pa7. 

Operation  of,  163,  p39. 

steel.  |fiO,  p36. 

OU,  Ifi9,p43. 

with  a  molten  bath,  {60.  pSB. 

Bearing  metal.  Graphite,  §54.  p35. 

Boards,  Match,  (48.  p23. 

metals,  |54,pp35,  37. 

Hold  and  bottom,  ISO,  pI4. 

Bdlow..  156.  p5. 

Bod  stick.  151.  p28. 

Ore  of.  |5fl.  pe. 

Boiler  tubes.  Method  of  welding.  (S7 
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Bdler  tuhet— (Coirtiniirf)  - 

Vie  of.  on  nverbentory  fonuce.  ) 
Bolt.  ita.  p30. 


be»dCT.  167.  pl8. 

Soldering  two  iheets  of.  {83.  P'^4. 

h«d.  H««gonid.  157.  p20. 

hnd.  Method  of  m&ldng,  f57,  p4fi 

Bruing,  163,  pp30.  37. 

Uctbod  a[  making.  157,  pie. 

hand  nvs,  163,  p43. 

Squ.r«-h«d.d.  157.  pl6. 

cut  iron,  163,  p44. 

T-h«<led.  for  pUner,  fS7,  ptS. 

Piecautians  necessary  in.  f63.  p40. 

ImUB.  t56.  p27. 

t«mp=Ied-^rt«l  Brticlej.  jBS.  p42. 

BolW.  Sttel  stock  for.  |57,  pZl. 

the  joint  ot  &  pair  of  twwier.,  163,  p42. 

Stock  fur.  157.  pSO. 

Three  necessjiry  re<;uirements,  163,  p40. 

Wrotigbt-iron  stock  tor,  157,  p20. 

Bone,  U«  of.  for  c«e-hanieninK.  JW,  pI8. 

Breaking  down,  tfil,p9. 

U»  of  old.  160,  pZ3. 

steel,  168,  p36. 

Boot,  ElevMor,  |4B,  p41. 

Btast  of.  furnace.  (SI.  pZ4. 

Boru.  168,  pZ6'.  163.  p3Z. 

Cdcimd,  167,  p£9. 

162.  pZ4. 

tor  bmifna,  163.  p39. 

Brick  touw.  156.  pi. 

(d«.  i«7.  pZB. 

Bridge  wall,  157.  p4. 

Boring  tool.  Method  ot  foi^lns.  158,  pZO. 

Brme.  Use  of.  in  forge  bottom.  1S«.  p8. 

BorfT,  Wftt«f.  ISl.pM. 

Bronte.  |54,  p28. 

Bottom  bo«di.  150.  pl4. 

Carbon.  164,  p35. 

Fuller.  fSO.  p26. 

cartings.  Scrap  metal  tor.  164,  p37. 

Smgc.  166,  pp23,  M. 

Comi»h.  154.  p35. 

Bottoim  of  fumaca  1G2,  p6. 

DamaKus,  164,  p3S. 

Boxes.  CKse-hardeaing,  |60,  p39. 

Gmney,  154,  p36. 

for  bairinst,  J63.  p37. 

Harrington,  164.  p35. 

Br>»,  154,  p28. 

ApT^lnnces  for  mdting.  |84.  p7. 

Phosphor,  164,  pp36,  36. 

boring,  and  lurningB,  Udhr.  fM.  p38. 

Totin,  154.  p35. 

cutinei,  Oeaning.  IG4,  p6. 

Brushes,  Steel-wire.  |60.  p30. 

caitingi.  UskiiiK  moia<  for.  f 54.  p4. 

Bnildings,  Poundr^',  §48,  p3. 

dutiosi.  Holds  for,  164,  pi. 

Building  up,  157.  p3Z. 

cMtingi,  Pickling,  ^64,  p7. 

BulldoMrs.  162,  pSl. 

Bumping  block,  |57,  pl4. 

P*. 

Bungi  for  furnace  roots,  161,  p20. 

cuClngs.  Ser»p  met«l  for,  (64,  p37. 

Burning  off,  15S.  p25. 

cutin«s.  Tumbling  bUTeli  for,  |54.  p7. 

sleel,  168,  p26. 

C«dbl™  for  mellinB,  154.  pIS, 

Butts,  |57,  pl8. 

Location  of,  154,  p8. 

Oil-buming,  (54,  pi  4. 

Operating  the,  §54'  pl7. 

Simple,  164,  p8. 

in  a  battery,  (54,  pB. 

ipeed  of  melting.  |54.  pi  2. 
Ueltingof  old.  154.  pl7. 
molding.  Uaterials  used  in,  (54.  p2. 
molding.  Sand  for.  154,  p2. 
molds.  Slackenings  and  partingi  tor,  f  54,  p2. 
molds.  Drying,  f54,  p4. 
mdds.  Gating  and  feeding,  |54,  p6.    ' 
molds.  Lycopode  (or,  154,  p3. 
molds.  Mixing  facings  for,  154,  |>4. 
Ridds.  Venting.  (54.  p4. 
Oxidation  of.  in  melting,  (54.  p20. 
pipe,  Method  ol  annealing  (63,  p45- 


Butt  brating,  (83.  p43. 

joint.  163.  p41. 

wdding.  (57.  p31. 

welds.  (,^7,  p2». 

oelds.  Examples  of.  (67.  p43. 
Butterfly  valve.  (52,  plO. 


Calcined  borax,  157  p29. 
Calipen,  158,  p31. 

Double,  (56,  p3l. 

Inside.  156,  p31. 

Outside.  (56,  p31. 

Single.  (56,  p31. 
Camelia  metal.  154,  p35. 
Capacity  of  cushioned  upright  hi 
and  nrap  hammers,  (61.  p« 
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Capacity — (Continued) 

of  molding  machine.  148,  p8. 
Cape  chiul.  |56,  p36. 

chiKl.  Uethoa  of  nulring.  fS8.  pl3. 
Carbon  bronze.  |54.  p3S. 

CombiDed.  fSl,  ppl.  7. 

Condilicin  of,  in  malleable  caatingi.  [53.  ] 

Effect  ol,  on  hardening  heat  ol  tteel.  |; 
p29. 

Bffectof,  on  ateel,  fS9.pl. 

Grtphitic,  §51,  p7. 

in  malleable  iron,  fSl.  p7. 

PemDlagc  of.  in  annealed  caitinga.  |. 

pa- 
Percentage*  of.  in  tool  Mtds,  1.58,  p5. 

Points  of,  (58,  p4. 

tteel.  f5S.  pi. 

iteela.  IS9.  pi. 

temper,  f 51.  ppl,  8. 
Carbonic  add,  ISZ.  i>21. 


Caitingi—CContinued) 

dtmmng  hard.  |52.  p26. 

Coal  and  air  furnace  mixture*  for  mallea- 
ble. |51.  pl2. 

Dispoutbn  of  annealed.  |S3.  jO*. 

ExaminatLon  af  malleahle,  |53.  p28. 

Finishing  department  for  malleable,  fG3 
pZfl. 

Piaishing  toft  malleable.  {53.  p2£. 

Galvaniiing  malleable,  153,  p38. 

Inspection  of  malleable.  |.U.  p30. 

Iron  Hallo  for  steel.  150.  p2. 

Irons  used  in  making  malleable.  151.  p9. 

Maldng  molds  for  brass.  |M.  p4. 

Mateiial  for  pKcldn^  malleable,  {S3.  p4. 

Method  of  cleaning.  [AQ,  p27. 

Method  of  producing  heavy,  ISO.  p3. 

Packing  malleablB,  in  annealing  pots.  |53. 


Method  of  di 


g,»llO. 


hardened  work.  Producing  temper  color* 

on.  feo.  pS6. 
hardeaina,  |flO.  plS. 
hardening  boxes,  |S0,  p2e. 
hardening  centers.  §60.  plB. 
hardening.  Cooling  baths  for,  §60.  pST. 
hardening  eiguipment.  160,  p2(l, 
hardeninR  for  color.  §00,  pZ4. 
hardening  furnace.  160.  p3G. 
hardening   furnace  (or  round  work,    ISO, 

p32. 
hardening  gun  parts   [60,  plS. 
hardening.  Hard  spoU  in.  |60,  p23, 
hardeolng  large  or  heavy  work.  §60.  p21. 
hardening,  Uethod  of  cooling  work.   [60. 

p32. 
hardening,  Method  of  localiiing,  §60.  plB. 
hardening.  Packing  materials  for.  §60,  plS. 
hardening.  Production  of  loft  >pot*  in.  |60, 

p22. 
hardening,  Theory  of,  §60.  plG. 
hardening  with  potash.  (60.  pZS. 
hordeoing  work  without  colon,  §60,  p20. 
Cast  iron.   Effect  of  repealed  heatings  on, 

163.  p2£. 
iron.  Method  of  blaring.  (63.  p44. 
iron.  Nature  and  composition  of,  §57,  pZ. 
iron.  Properties  o(.  167,  p2. 
steel.  §58.  pZ. 
Castings,  Annealing  proceuet  for  malleable, 

§53.  pi. 
Assorting.  §52.  p33. 
Geaning  bmis.  (54.  p«. 
Cleaning,  by  band.  |dS.  p33. 


Provision  for  contraction  in  bras*.  §B4,  ii4. 

Send  blast  lor  cleaning,  (SO,  p41 :  |52,  p33. 

Scrap  metal  for  brass  and  bronse,  |54.  p37.- 

Spedal  annealing  ovens  for  malleaUe.  1&3, 
p31. 

Special   annealing   prxKess   for   malleahle. 
153.  p35. 

Star,  for  tumbling  bomls,  |S0.  p34. 

Storage  of  malleable,  163.  p30. 

Test  plugs  for  malleaUe.  §53.  p27 
Center  or  prick  punch.  156,  p35. 
Centers,  Uethod  of  case-hardening.  §60,  pld. 
Chain-conveyer  furnace.  §59.  p3S. 

tuflsts.  (49,  p22. 

hook.  Forming  the  eye,  §57,  pZ3. 

hook,  Uethod  of  making.  |57.  p33. 

Method  of  making.  157,  p40. 
Charcoal,  156,  pl3:  §50.  p4. 

Advantages  of.  for  fuel,  |G6.  pl3. 

iron.  Amount  of  silicon  in,  |ei.  pQ. 

Objections  of,  for  fud.  §56.  pI4. 
Charging  an  open-beorth  furnace.  §52  pll. 

aonealins  ovens,  153,  plS. 

floor  elevator,  §49,  p45. 

floors  for  cupolas.  §49,  pl3. 

machines,  152.  pl3, 

pUtform  far  cupcjas.  §49.  pl3, 

the  coal  furnace.  §51.  p2e. 

truck.  (53.  pi 9. 
Checkerwark  tor  furnace.  152.  pi. 

Repairing  of.  152,  plO. 
Chemical  chanse^  produced  in  annealing  mal- 
leable  castings.  153,  pi. 

compoution  of  malleable  iron.  (51,  p4. 
Chilled  iron.  Sted  for  turning,  (S».  pis. 
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Chiraoey  for  annexing  ovm.  (53 

pl«. 

Cold— (Continued) 

Hardie.  (56.  p2S. 

Chimneys.  |5a.  pB. 

saws  for  metal.  (50.  p24. 

rfiort,  (56.  pl3;160,  pi. 

hammer,  pMuitatic.  |50,  p2e. 

riiuls.  |S7,  p39. 

Chisel.  Cape.  [56.  p35. 

Collar  tool.  (56.  p23. 

Cold.  ISO.  p35. 

Colore.  CooUng  lo  obtain,  (M,  p25. 

Flogging.  158.  pZ4.     , 

for  nicking  cold  work.  161.  pZS 

(63,  p49. 

St  jne.  »5S.  p20. 

Obtaining,  by  caae  hardeoiiig,  (60.  p24. 

temper.  |S8,  p4. 

Temper.  (58.  p7;  (69.  p8. 

ChiaeLs.  Mwhine  for  heading,  (68 

p21. 

Simge  for.  heads.  |5S.  p21. 

ComlMned  carbon,  |51,  ppl.  7, 

CUoride  of  tine.  (63.  p32. 

Cinder  miU,  U».  pM. 

smoke  coming  from  chimney,  (53,  p3fl. 

Comparison  of  board  and  crank  drop  ham 

(59.  p33. 

mers,  (62,  pl5. 

bun  joints.  (63.  pa. 

»wi.  File  lest  for  hardnea  of. 

m.pa*. 

•Bws  for  wood,  159,  p22. 

Cone,  (5S.  p28. 

OMriaaition  of  forging  machine. 

(92, 

Pl- 

Comiecting-fod,  Method  of  forging.  (61,  p33 

of  hammers  and  >ledg«,  (56.  pLS. 

ConKruclion  of  molds  for  thermit  welds,  |63 

o[«lrt..  (57,p29. 

p28. 

day  for  bottom  of  fire.«pa«,  (Sfi 

P3. 

of  the  anvU,  (56,  plT. 

Contraction  of  malleable  iron,  (SI,  p3. 

cutingi  bf  hand,  (52,  p33. 

Pioviaon  tor,  in  brass  molds,  (S4.  p4. 

callings,  Methods  of,  (M.  p27. 

hard  castings.  (52,  p2B. 

Converter.  (60.  p2. 

™rk.  (60.  p26. 

Conveyer  for  mold,  (49.  p41. 

Qeft  wdd.  (61.  p36. 

Rubber-bell,  (49.  p33. 

welding.  (57,  v32. 

Conveyers,  Belt,  (50,  p37. 

welda.  157.  pZB. 

Coal.  (56.  pI3. 

Sand.  (49,  p39. 

Amount  of  gas  from  one  ton  of, 

(82.  p24. 

lOT. 

(53. 

baths  for  taps  and  reamers.  |59.  pl2. 

pl2. 

baths,  Water,  (59,  p«2. 

saling 

case-hardened  work.  (SO.  p32. 

(53.  pl6. 

work  lo  obtain  colors.  (60.  p26- 

furnace.  Construction  of.  (51,  p20. 

Copper,  Alloying  of,  with  one,  (54.  p30. 

furnace.  Firing  the,  (SI,  pSO. 

Analysis  of.  |54.  p22. 

artitig 

(51. 

and  lead  aUoys.  (54,  p30. 

pl2.. 

and  tin  allays.  (54.  p25. 

Eurmce  procea  for  malleable  casting 

(51. 

and  sine  alloys,  (54,  p28. 

pl9. 

bit.  (63.  p30. 

Soft.  iM.  pl3. 

Coiled  springs.  (SB,  pZ7. 

bit.  Healing,  (63.  p31. 

Coke,  (56,  pl3. 

bit.  Proper  temperature  of.  163.  p34. 

Cold  cbiael,  (5«.  p35. 

bit.  Tiiming,  (63,p33. 

Buying.  (54.  p22. 

chisd.  Forging  a.  (58,  p8. 

Deoxidiiing,  (54.  p22. 

Electric  welding  of,  (M,  p2B- 

heat,  (48.  pl2. 

U«  of,  for  vise  jaw,,  (86.  p31. 

Core  benches,  (.W,  plB. 

cutler,  (5«,  p2*- 

bo.  vise,  (50,  pl6. 

cutter,  Lnbricalion  of,  (56.  p24. 

machines,  (SO.  p22. 
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Core—  (Contiouwi) 

RiUtun  for  imchine-made  corat;  |S0,  p23, 

oveiu.  ISO.  pis. 

oveni,  AntiTcictinn  truck*  for.  ISO.  p21. 

platet,  ISO.  pl7. 

neks.  ISO.  pi 7. 

rod  nmightener.  |50.  pZO, 

room  BTTBHsement,  |50.  pIG, 
Com.  Machine-made.  ISO.  p21. 
Comer  plate.  Method  oi  makimt.  iS7,  p33. 
Coniuh  bronH.  |M.  p3S. 
Coupler  (or  tons*.  |56.  p30. 
Crane.  Jib,  |49,  p20. 

Use  of  traveling,  for  charging  ■""n*l*"fl 
ovms.  153,  p33. 
Cnaci,  Travelioc,  |19.  pie. 
Crank  drop  hammer.  |62.  pl3. 

lift  hammer.  |fl2.pl(l. 

shafts.  Porginif.  {61,  p31. 
Crop  end.  |G1.  pZS. 
CrDsa-ban  for  Haskx.  ISO,  pO. 

peen  hammcn,  |SC.  ppie.  20. 

lallias,  m.  P«. 
Crown  of  a  (umace.  |S1.  pM. 
CniciUe.  Ailjustlnc  the,  in  tlie  furnace.  |M, 
pl8. 

and  cupoU  furnace  comlrined.  |M,  pI2. 

for  thennit  weldinx.  |«3,  pS7. 

fuma«,  154,  p7. 

luniace.  Blait  Cor,  |M,  pl3. 

process.  |SH.  pi. 

shank,  |54.  p20. 

steel,  IDS.  pi. 

t<msi.  |S1,  pis. 
Crucibles.  Capacities  of,  |S4.  plO. 

Can  of.  154,  pl5. 

for  rndting  brass,  |S4.  plS. 

Handling.  |M.  pl9. 
Culm.  156,  pl3. 

Cupola  for  melting  malleable  iron,  ?ud  ratio 
in.  151.  pl8. 

mixturv  lor  malleaUe  cutingi.  |G1.  pl2. 

process  far  malleable  caitiiiEi.  151,  pl7. 
Cupolas.  Charging  floors  for.  |«e.  plZ. 

Chanring  platform  for.  140.  pl3. 

Location  □£,  |49,  plZ, 
f^irvei  in  blast  pipes,  156.  pll. 
Cutler.  Cold.  |S6.  p24. 

for  ruttirw  rivet  heads.  (SB.  p24. 

Hot.  156.  pZ4. 

Side.  |S6.  p25. 
Cutl*TTt  |SS.  1^4. 

or  hack),  161,  p23. 
Cyanide-hardening  furnace.  |60,  pl7. 

hardening  to  resist  wear.  )60.  pl7. 
Cylindrical  work.  Method  of  hardenina.  |G9. 
pl3. 


Damascu)  bronse.  |54.  p3&. 
Danger  of  explmioo,  |5S.  pll. 
Definition  of  toMerinsi.  (63.  p30. 
Definitions  of  foricing  operations.  |S7,  p6. 

of  .teel»,  (58,  pi. 
DelU  metal.  |M.  f3S. 
Deoiidiiing  metals,  |54,  pZ2. 
Diamoud-poiated  lathe  tool.  Hardening  and 

temperinc.  |5B,  pl7. 
Die  temper,  |S8,  p5. 
Dia,  IfiB.  pZ4. 

Cast-iron.  (61,  pSe. 

PasUninfli  for  drop-hanuner,  |62,  plB. 

for  bolt  header,  |57.  pig. 

for  ateam  hammen,  |G1.  p25. 

for  thread  rolling.  (62.  plO. 

Porm  of  diop-hammer.  (62.  plB. 

Uatcrisls  for.  (62,  plS. 
'  Method  of  hardening.  |ES.  pl3. 

Second-motion.  162.  p3Z. 

Setting  of.  in  power  hammen.  |fll.  plS. 

Steel  for,  169,  p28. 

tJw  of.  in  rolling,  162.  p5. 

Volume  of,  162,  p20. 
Differential  chain  block.  |63,  pl5. 
Dimensionii    for    drop-tiamnier    foundatkma, 

|6S,  p2S. 
Disposal  of  smoke  and  gases,  156.  pB. 
Dividen.  |56,  p32. 
Dogi  for  bendins  plates,  |63.  pl7. 
Door^  for  annealing  ovens.  |S3.  plO. 
DouUe  calipers,  |S6.  p31. 

decked  nverbentory  furnace.  |S3.  p8. 

Inme  hammen,  iSI,  pl5. 
Dovetailing.  |63.  p41. 
IJown-draft  syrtem.  |Se.  plO. 
Draft,  natuisl.  156,  pO. 

nece«ity  for,  in  a  forge,  |M.  pl4. 
Drawing,  |S7.  p6r 

Definition  at.  |S7,  p5. 

iron,  Construction  o(  anvil  Cac*  for,  |S7.  p(L 

patterns.  Machines  for.  148.  pB. 

Round.  157.  p7. 

Square.  |57,  pe. 

the  temper.  |SB.  pp7.  8. 

the  temper  of  circular  saws.  |5B.  p23. 
DiessinR  marble  turning  tool,  158,  J>33. 

stone  drillt,  158,  T)23. 
Drift  pin,  |S3,  pl6. 
Drill.  Method  of  foming.  |S8,  p2B. 
Drills.  Hardening  twist.  |Sa,  plS. 

Heating  twirt,  I5S,  pl5. 

Tempering,  159.  pl6. 

Twist.  159.  pis. 
Drop  forcing,  {62,  pi  2. 

163.  pl9. 
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Drop— (Continued) 


hBrnmen.  fSl,  pi ,  |62,  pi. 

Fire.  (56,  pl4. 

and  fire  tools,  166,  pi*. 

Drying  braa  molds.  154.  p4. 

Forms  of,  1*6.  plS. 

Hollow.  166.  pie. 

§50.  p3. 

book.  156.  pl6. 

Ductility  ol  magubie  mm.  |S1.  i>3. 

Method  of  holding.  156,  pl5. 

K 

Uethods  o(  starting.  ]S6.  pl4. 

Open.  156.  pl6. 

Bfftctofannoliiiii.  160.  p9. 

oxidising.  [66,  pl4. 

of  carbon  on  steel.  |5».  pi. 

reducing.  156.  pl4;t57.p28. 

ol  heoting  on  lo*-<arbon  Mtd,  f60.  p8. 

tools.  (66.  pI6. 

of  oil  treatment.  (60.  pl3. 

Firing  annealing  ovens,  (53,  p20. 

of  repeated  heatiiiR  an  cut  imn,  f63.  pZS. 

the  coal  furnace.  |51.  p30. 

Flash.  (63.  p20. 

of  repeated  heating  on   wrought  iron  or 

pins.  ISO,  p7. 

.tcel,  163.  p2e. 

Small  iron,  160.  pit. 

Effwta  of  reheating  wrought  iron.  |57,  pS, 

Flashing  off.  168.  p26;  (59,  p27. 

Flasks.  ISO.  pi. 

Electric  current.  163.  pSS. 

Cross-bars  for,  [50.  p». 

welding.  (63.  p2Z. 

Elevator  boot,  149,  p41. 

Large  iron,  |G0.  p2. 

Hydraulic.  14».  MS. 

Large  wooden,  |50.  p2. 

Elevaton.  |49.  p4G. 

Nests  of.  (80.  pl3. 

(or  5«id,  149.  p40. 

Ribbed.  (50,  pl2. 

Emery  grinder.  Flexible  diaft.  |50.  p29. 

Snap,  (50.  pl2. 

whed  stand.  Sutionary.  160.  p30. 

with  spines,  [SO,  pl2. 

Flat  ring.  Method  of  making.  (57.  p39. 

ing.  WO,  pl9. 

springs.  ^69.  p25. 

tongs.  156,  p27. 

Inr  soldering,  183,  p30. 

FUtter.  [56.  p23. 

Flexible  shaft,  150.  p30. 

Eiample  ol  butl  brazing,  163,  p43. 

shaft  emery  grinder.  (SO.  p20. 

o(  drop-hammer  Jie  works,  (63,  p21. 

Flogging  chisel,  [56,  p24. 

of  horiiontal  forging  machine  work,  162. 

Floor  and  bench  tools.  (66,  p27. 

p32. 

Fluid  compression  of  steel,  (60,  p7. 

Example*  of  (orging.  |57.  p6. 

nun,  157,  pi. 

of  hammer  work.  |61.  p27. 

Fluxes,  (87,  p38;  (63.  p32. 

o(  hardeninE  and  tempering,  (59,  p9. 

tumWing  barrel!,  (50,  p36;  [52.  p31. 

Forge.  Bench.  (59,  p3a. 

Eye  haoaei',  152.  plO. 

Brick,  i56.pl. 

P 

fires.  [56.  pl3;  159.  pZ. 

Fadnm  (or  brass  molds.  Mixing  of,  154.  p4. 

iron,  (56,  p6. 

Fagoting,  lB7,p33;  [61,  p2M. 

Tool-dresscr's,  (,',9.  p39. 

Fan.  iW,  p7. 

Tool  ro.mi,  [50,  p33. 

(or  down-draft  system,  156,  plO. 

tujilrcs.  [56.  p2. 

(or  exhaust  system.  156,  plO. 

Forges.  (56,  pi. 

rotary,  (56  pS. 

for  heating  rivets.  (56.  plZ. 

Fans,  149.  pl4. 

portable,  [56.  pl2. 

Feeding  b.ais  molds  (54,  p5. 

Forging  boring  tool.  (.IS.  p20. 

Ferroalicon,  151,pl2 

Built  up,  157.  p27- 

File  test  for  hardne^  159.  p24. 

cold  chisel.  [58.  p8. 

Rnlghed  work.  Electric  weldms  of.  163.  p25. 

connecting-rod.  161.  p33. 
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Porging— (Continued) 
cnnk-ahafts.  |ei,  p31. 
Delinitioh  of.  (57.  pS. 
diamond-pninted  lathe  toot.  |5B,  pIS. 
EiBinple*  q(,  IS7,  n«- 
flat  driU.  (58.  p28. 
BBUhook.  )57.  pll. 
hamnier.  ^58,  pl4- 
hammers,  161,  p7, 
hitih-carbcn  ct«l,  {61,  p3fi. 
hish-ipeed  tool  itnli,  |Stt,  p30. 

Invr-carbon  st«l,  {61-.  p30. 
machine.  PneuTnatic,  )flZ,  p34. 
nmch)ne«,  QassificatioD  of.  |62.  pl' 
operation..  |5B.  p6. 

pre»,  (Bl.pSl, 
pieiH  worli.  162,  p27. 
right-hand  tide  tnol.  |5S.  pI7. 
rocker-arm  (ram  one  piece.  157,  p46. 
rocker-arm  <nth  welded  Moulder,  |fiT,  p17. 
rod  itrapi.  1&7,  pSS. 
tprin«,  1S8,  p24. 
Raple,  |S7,  plO. 

Etnip  lo  <au,  157,  p26. 

■tnictural  ahapa.  163,  pi 7. 

WrcDsht-iion.  |ei.  pZ7. 

wrought-iron  rudder  frame,  (57.  pSl. 
FonD  of  drop-hammer  dies,  182.  pl9. 
Forming  and  cuICing  tools.  (56.  pZ2. 

Definition  of,  157,  p6. 
Pomw  of  fire.  166.  pI8. 
Foundation.  Concrete,  162,  p26. 
Foundations,    Comparison   of  drop-hammer. 
162,  p25. 

Concrete,  IBl,  pl9- 

Ihmensians  for  drop-Hanuner,  {62,  p2S. 

Elastic,  lei.  pis. 

(or  drop-hammen.  162.  pZ2. 

Hammer.  161,  pia. 

Timbers  for,  162.  p23. 
Foundries,    Diaporition    ot   waEte    mateiiali 
from,  149,  p3. 

Extension  of,  |49.  p3. 

HestinH  Bnd  ventilation  of.  f49.  p4. 

Jobbing.  NO.  p2. 

Light  for.  149,  p3. 

Location  of.  149,  p2. 

Specialtr,  149,  p2. 
Foundry  branches,  (49.  p2. 

buildings.  [49,  p3. 

conditions,  Ceneml,  (49,  pi. 

Stockyardfor.  (49.  pll. 
Fuel  for  onnealing  o^-ens,  (.53.  pl2- 

for  hardeniiiK  furnaces.  |59.  p32. 


for  open-hsrth  furrums.  (S2.  pl7. 

Natural  gas  as.  (52.  pI7. 
-     ratio  for  coal  or  air  furnace,  151,  p3i. 

istio  in  malleable  cupola  practice,  (61.  pl8. 
Fuels,  |Se,pl3. 

for  iBverberatory  furnace.  (63.  p3. 
Puller,  iSB,  p£3;  (61,  p25. 


1,  IM,  p 
Furnace,  Air- temper 
Altar  for.  (57.  p4. 

pl4. 


1.  159.  p 


.   152. 


t.  lS7.pl. 
bottom.  151.  p23. 
bottom,  Tool  for  p»tcbin«,  |52,  p7. 
bottoms,  |S2,  pfl. 

bottom!,  aeaning  and  npaiiing.  (52,  p8. 
brefut,  f51.p24. 
Bridge  waU  for,  (67.  p4. 
C^ae-banlnling,  for  round  *ork,  fSO.  p3Z. 
Chain-conveyer,  (SB,  p38. 
Charging  an  open-hearth,  162,  pll. 
Charging  the  coal,  161.  p26. 
Checkerwork  for,  (52,  pi. 


i,  pll. 


Circular  annealing  and  hardening.  |69.  p33 

Coke,  163,  pi. 

Combined  cupola  and  crucible,  ]64.  pl2. 

Conatruction  of  coal  or  air,  161   pZO. 

Conveyer.  (83,  p)0. 

crown,  151,  p24. 

crown.  Repairing  of.  (62.  pll. 

CniciUe.  (54.  p7. 

Cyanide-hardening,  |60,  pl7. 

Double-decked  nverberatory.  |63.  p8. 

for  cue  hardening  with  potash.  (80,  p2S. 

for  hardening  and  tempering  circular  saws 

169.  pZ2. 
(or  he»tinK  milling  cullers.  159,  pl7. 
(or  heating  taps  and  reamen.  {50.  plO. 
for  long  work.  (83,  p9. 
for  tempe-ing  plane  irons.  [59.  p21. 
lor  tempering  twist  drills.  |69.  pl6. 
Fuel  for  hardening.  159.  p32. 
Gas.  159.  p3. 

Gas-6red  case-hardening.  |60,  p35. 
Hardening.  169,  p40. 
Lead-pot.  (59,  p39. 
Location  of  hrtaa.  (54,  pg. 
Natural  t^as  as  fuel  (or  open-hearth, 

pl7. 

Oil  as  fuel  (or  open-hearth.  162.  pl8. 
Oil-burning  brats.  (34,  pl4. 
on-heated  annealinE,  160.  pl2. 
Oil-tempering,  (59,  p39. 
Open-hearth,  157  p3;  (80.1*4. 


|S2, 
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Funu<^« — (Continued) 

Opentins  ths  bnu.  ^M.  pl7. 

Oven-BDOBiling,  ISB,  p34. 

PkI  for  chancinti,  ffi2,  plZ. 

Producer  gu  u  fuel  (or.  (SS.  p30. 

RflBcnertttive  c:hAmbeis  for  meltrng,  |5S.  pi 

RcecDcntivc  open-hearth.  ffiO,  p5. 

RebestiiiK,  f53,  p34. 

Rej]»irina  of  reBeoermtive,  152.  p9. 

Reverbentary.  )63.  pZ. 

Suid  temper- drawing.  159.  p37. 

Simple  brus,  |S4,  pB. 

Straight-draft,  )SI,p21. 

lUtiRB  apen-heirth,  |fi2.  plO. 

TiunUiog-bdnvl.  |59.  p35. 
PuinacH.  Advantage*  of  ga*-fired.  ^t0,  pi. 

AdvantaSB  of  oil-find.  {63.  pi. 

AanealinR.  |60,  pll. 

for  hardening  and  tempering,  |G9.  p32. 

Fuel  for  open-hearth,  {52,  pl7. 

Gai-fired,  tS3,  p31. 

Heating.  (63.  pi. 

b  a  battery,  Bnoa,  |M,  p9. 


Gad  tongs,  (96.  p2T. 

Galvanising  annealed  castings,  153,  p36. 
Gas.  Amount  of.  made  from  one  ton  of  coal 
IGa.p24. 

AoalrHsoT,  152,  pZ3. 

burning  equipment  for  annealing  oven.  |53 
pl4- 

Compoiition  of  producer.  152,  p20. 

fii«d  case-hardening  furnace.  |flO,  p3S. 

tines,  Cleamng,  fS2,  p2S. 

flues  or  breechings.  fG2,  p24. 

fnmace.  fS9.  pp3,  10. 

7om«c«  for  bumiBg.  iSS,  pi. 

in  Ua»  pipes.  |56.  pll. 

Mixer  tor  burning.  |53,  pl5. 

Natiual.  as  furnace  fud,  |S2.  pl7. 

or  oil.  AdvanUges  of.  for  fuels.  |59.  p3. 

producer  and  lu  connection.  |52,  pSl. 

Producer,  ai  furnace  fud.  |52,  p20. 

Uie  of.  in  muSle.  |59,  p3. 

Gasoline-fired  fumani,  [6.1.  p31. 

Gate  hoolc.  Uethod  of  forging.  |fi7.  pll. 

<aw.  |G0,  p32. 
Gating  bras*  molda.  |M.  pS. 
Gaum.  SurCace.  |Sfl,  p2g. 
Gaalds.  |S7,  pZS. 
Oear-mdding  machine.  {48,  p25. 
Glut.  157.  pSI- 
pTMled  rolling.  102,  p6 
Grain  tin,  {M,  p2R 
0nn«7  bronse.  {54,  p35. 


Graphite  bearing  metal,  {54,  p36. 

Graphitic  carbon.  {51.  p7. 

Gray  iron,  |B!,  pl- 

Green-Hnd  cores.  Machine  for,  150,  p24. 

Gimder.  neiiUe- shaft  emery.  ISO,  p2a. 

Grinding  high-speed  steels,  15fl,  p32, 

stand.  Stationary,  {50.  p30. 
Guided  power  hammers.  (Bl.  p5. 
Guides,  Hammer,  181,  pia. 
Gun  metal.  |M,  p2a. 

parts.  Uethod  of  case-hardening.  {60,  pl8. 


Hacksaws.  {56.  pp3e.  38. 

BW  Uada,  156.  p36. 
Hodu  or  cutlers,  161.  p22. 
Half-and-half.  {63.  p30. 
Hammer,  Ball-pern,  {50,  plB. 

Board  drop,  {62.  pl2. 

Chipping.  (56.  p20. 

Craalc-diDp,  162.  pl3. 

Crank  lift.  |62,  pl5. 

Crm-peen,  {56.  pIB. 

Effect  of,  on  work  if  too  light.  {61.  plB. 

Finishing  work  under  a  power.  {81,  p9. 

Flogxing,  {56.  p20. 

Foot-operated.  |61.  p2. 

foundalioni.  {61.pl9. 

frames.  Types  o(.  {61,  pl6. 

guides,  {61,  pI6. 

Hand.  (G6.  plB. 

Handle  for.  156.  plB. 

baodlea,  156,  p2l, 

Long-peen.  {£6.  plB. 

Uethod  of  foiBing,  |58.  pl4. 

Method  nf  hardening  and  tampering.  {5 
pl5. 

Pneumatic  chipping.  ISO.  p28. 

Proper  weight  of.  {81.  pig. 

Rope-lilt.  162.  pl5. 

Steam  drop,  {61,  pl4^  {62,  pl7. 

Steam  forging.  {81,  pll. 

Straight-peen,  156.  pie. 

Strap-lift,  162,  pl5. 

tools,  161,  p21. 

Upright  helve,  {61,  pS. 

work,  Eumples  of.  {61.  p27. 
Hammen  and  sledges,  |S6.  plB. 
Beampo«er,  161,  pi. 
Capacity  of  cushioned  upright  helve  »i 

strap,  {61,  p6. 
Capacity  of  rubber-cushioned  helve.  {6 

p6. 
Qas-'ilication  of,  161,  pi. 
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Harrleninij-CContinued) 

Control  of  iteani,  ISI.  pl4. 

nnall  springs,  159.  p2e. 

Doubl»-(™me.  lei.plS. 

small  work.  160,  pZO. 

Drop.  181.  pi. 

solutions,  159,  p6. 

Forging,  (fll,p7. 

specimen  piece.  158.  p7. 

Helv-e.iei.pl. 

Spmying  device  for,  (SB,  pl4. 

Mittemt  for.  f.W.  p21. 

Temperatures  (or,  (58.  p6. 

Power.  |BI.  pi. 

tocds  with  potassium  cyanide,  (60.  pl8. 

Rubber-cushioned  helve.  |61.  p3. 

WMerfor.  158,  p6. 

Set.  156.  pSf. 

Hatdie,  Cold,  (56,  p25. 

Singfe-fmrne,  |«.  pl5. 

bole.  156.  pl8. 

St«m  helve.  161.  plO. 

bole.  Use  of,  in  bending  iron.  157,  p9. 

Sti»p.  151.  p6. 

Hot.  [56.  pes. 

Trip,  161,  pi. 

Huid  hemmers.  ISO.  plB- 

Heading  tool.  (56.  p25. 

puddling,  tST,  p3. 

furnace.  (63.  p7. 

riveting,  163.  pi S. 

forfoiOT,  (56,  pi. 

sledse,  156,  p20. 

Hitiit.  Amount  of.  in  forge  fire.  (56.  pH. 

sledge,  Method  of  umng.  IGB,  p20. 

for  foundries,  (49.  p4. 

■ledges,  15a,d>ia. 

treatment  of  high-speed  tool  steels,   (59. 

,    tool.,  156,  pl9. 

p29. 

Handlca,  Fitting  of.  ISA.  pZl. 

Heating  devices., 156.  pi. 

for  hammer.  (59.  p21. 

furnace  for  high-speed  tool  steel.  158,  p32. 

for  h-nd  hammers.  l.M,  pI9. 

furnaces,  163,  pi. 

in  charcoal.  (59.  p4. 

,163.  pis. 

in  lead,  (69,  p4. 

devices,  tea.  pl2. 

large  work  for  braiing,  163.  p3S, 

Hanger.  Open-eye,  fG7,  plO. 

milling  cutters,  (59,  pl7. 

H»rd  outings,  Qeaning.  |52.  p29. 

outings.  Tumbling,  [02.  pZB. 

of  drills,  159,  pI5. 

coal  lilting,  {56.  pl3. 

of  taps  and  reamers,  (59.  p9. 

le*d.  (54.  p36. 

thecopper  bit.  163.  p31. 

««P.  151.  pll. 

Helmet  for  sand-blast  operator,  150.  p43. 

■older.  (03.  p30. 

Helve  hammers,  (61.  pi. 

ipot*  in  ate  hardening,  (flO.  p23.  , 

Hematite  ore  for  packing  miUleable  castinga. 

(53.  p4. 

High-carbon  sted,  (53.  pi. 

■toi  tempering  a  cold  cMeel  in  one  heat. 

speed  steel.  Annealing,  (59.  p30. 

»B.  plZ. 

speed  steel.  Hardening.  (59,  p30. 

and  tempering  a  hammer.  |58.  plS. 

speed  steel,  Tempeiing,  (59,  p31. 

and  tempering  a  spring,  (58,  pZ4. 

speed  tool  steels.  158,  p29^  (59.  p». 

and  temperinK  circuUr  saws,  (59.  p22. 

and  temperintf  die.,  150,  p24. 

Hoist,  Air,  140.  p23. 

and  tempering.  Eitamples  of,  (G».  pO. 

Air-operated.  163.  pl3. 

baths,  (59,  p42. 

Eleclrical-operaled.  (03.  pl4. 

Cyanide  method  of.  (60.  pl7. 

Motor-operated.  163.  pl2. 

Definition  of.  158.  p5. 

Screw-govemcd  air,  (49.  p24. 

drills.  159.  pl5. 

Hoists.  Chain,  (49,  p'^2. 

furnace,  (59,  p40. 

Hollow  fire.  156,  pl6. 

high-speed  steel,  159,  p30. 

forgina,  i61,p34. 

Urge  springs.  159.  pZe, 

HcUUic  baths  for,  (59,  p7. 

Hood  for  forge.  156.  pi. 

milling  cutters,  159.  ptS. 

Hoods  and  chimneys.  156.  t^. 

Oil  bath  fT.  (S9.  pa. 

Hook,  157.  p23. 

plane  irons,  (59,  p20. 

Bending  a.  157.  p24. 

Salt  solutions  for.  159.  p6. 

Twisting  a,  157.  pl4. 
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Hoop*,  BlecUic  veli^og  of.  |03.  p23. 
MoriioDUl  forging  nuKhine,  162,  p34, 

l>r»».  m.  p31. 
Hot  cutler,  156,  pM.     _ 

hardie.  |56.  p2fi. 

Short,  fse.pis:  160,  pi. 
HvdimuUc  elevator.  HB.  ptS. 

forging  preu.  |61.  p31. 
Hydiochloric  icid.  163.  p32. 
Kydiofluaric-acid  pickling  solution,  |5t 
Hydrogen,  iSZ.  pZl. 


iDeUned  pnoa.  162,  p30. 

Indicaton  or  teUtaJem,  |60.  p24. 

Ingots,  iTTCguUritiei  in.  160.  pO. 

Inside  calipcn.  |SS,  p31. 

Inm.  Amount  of  lilicon  in  cturcoal.  151.  pS. 

Cut.  167,  pi. 

»ition  of  milteLble,  151.  p4. 
t,  157.  pi. 

Contraction  of  nwUesUe.  ISl,  p3. 

Ductility  of  malleable,  fSl,  p2. 

fladu.  ISO,  p2. 

flaik.  Small,  {50.  pit. 

forge,  166,  p6. 

forgins.  |57.  pi. 

for  malleable  castingi.  Pouring  of.  iSZ,  pZS. 

for  DwUeahle  (ut'ngi.  Tapping  of.  f52,  p27. 

Cray,  IM,  pi. 

Haliesble.  |SI.  pi. 

Uanvfacture  of,  tST.  pl. 

Uethod  of  tinning.  103.  p35. 

mixture*  for  malleable  caitingi,  151,  pl2, 

Open-bcaRh  melting  procen  for  mallcaUe 
ISZ.  pl. 

on   |5T,  pl. 

Oxidation  of.  |S7.  p2T. 

Oxide  of.  |5S.  pl4. 

Pig.  157.  p2. 

xof  malleabte.  |61,p2. 
IB  of  maUeaUe.  ISl.  p3. 

Wclgbt  of  aheet  and  plate.  [63.  p52. 

Weight  of  iquan  and  round-railed.   159. 

Veight  per  foot  of  bar.  |83.  p51. 
While.  I51.pl. 
Iron*  toed  in  making  malleable  castioBi.  |S1. 


Ladle  ihank.  |M.  p20. 

Ladles  for  mailable  imo.  |53,  pS8. 

Handling,  by  trolley  lystem.  H9.  p28. 
Lap  bfuing.  |63.  p43. 

welding.  |57,  p31. 

welds,  |5T,  p^. 

weldi.  Example!  of.  |57,  p4S. 
Lapped  joint.  153,  p41. 
Large  Sat  work.  I.SS.  p20. 

or  heavy  work.  Uethod  of  caK-hardening. 
160.  p21. 

springs.  Uethod  of  hardening,  |S9.  p26. 
Lathe  and  planer  tool  mddeli.  158.  p3S. 

tool.  Hardening  and  tempering.  158,  plT- 

tool.  Uethod  of  forging.  158,  ptS. 
Lead  and  copper  alloys.  |54.  p30. 

Antimonial,  |54.  Ii36. 

bath  for  twin  drills.  |59.  plS. 

Characlerinic)  of.  {54.  p30. 

Hard.  {54.  p3S. 

Objections  to.  in  forge  fires.  165.  pl5. 

pot  furnace.  159.  p39. 


Use  of.  t. 


■bath.  1 


ft.p4. 


Leanores.  (57.  pl. 

Leather.  Use  of,  for 

U  Chateliei  pyrometer.  |53.  p21. 

Leg  viH.  {56,  p30. 

Length  of  stuck  for  a  ring.  1^7,  pa7. 

Lever  shears.  (62.  p27- 

Lifting  de\'ice  for  case-hardening  pots,  1 

pas, 

hook,  160.  pis. 
Linseed  oU.  159.  pie. 
Loam   molding.   Comparison   of,    with    d 

sand.  {50,  p3. 
Localized  case-hardening.  160.  pl 9. 
Locomotive   frames,    Repair  of.    by    use 

.  {57.  p47. 


c.  {57.  f 


er.  166.  p2l. 
9.  {56,  pll. 


Jawifortongi,  166.  p26. 

ViM.  166,  p31. 
Jlbciane,  |49,  pZO;  163  pl4. 
Jcrfnt.  Making  a  totdend,  163,  p34. 
Joints  Types  of  bnud.  163.  p41. 


Lycopndf  for  brass  mol<ling.  {54.  p3. 
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Machine — (Conti  nued) 

forgiiK.  (62.  pi. 

for  cutting  gates  and  spni«,  |50,  p32. 

for  cutting  win.  |50.  p27. 

for  bradinx  chisels,  (58,  p21.  . 

for  molding  curved  pipes,  US.  p29. 

for  molding  plow-shares.  {48.  p30. 

for  prwdriK  molds,  (48.  p4. 

for  straightening  core  rods.  ISO,  pZB. 

for  tempering  snd.  {4S.  p3B. 

made  cons.  {50.  pZl. 

Molding,  without  rammer,  H8.  p20. 

Molding,  without  stripping  plate.  |18.  pI2. 

Pneumatic -power  molding,  (48,  pl3. 

puddling,  Advanlag™  of,  157,  pS. 

■hop  cutting  tools.  158.  p36. 

StripTnng-piate  molding,  (48.  plO. 
Machines  for  breaking  pig  iron,  |4B,  p48. 

for  drawing  patterns,  148,  pS. 

for  making  cores,  (50.  p22. 

for  molding  gears  (48.  p2S. 

for  sifting  sand.  (49.  p32. 

Gear-molding,  (48.  p3S. 

Molding.  (48,  p3. 

Portable  molding,  (48.  p8. 
Magnetic  separators.  (4fi.  p3«. 
Making  an  angle,  (57.  pZl. 

ailes.  (fll.  p23. 

band-ring,  (57,  p35. 

btJt.  157,  pi6. 

bult  head  by  welding  on  a  ring.  |57,  p46. 

boring  tool,  15S,-p20. 

cape  chisel.  158.  pl3. 

cast  iron.  (57,  pi. 


MalleaUe—tContinued) 
castings.  Coal  and  air  furnace  mixture*  for. 

fSI.  pl2. 
castings.  Condition  ol  carbon  in,  (53.  p2. 
castings,  Cupola  mixtures  for,  (51,  pia. 
castings.  Cupola  process  for.  (51,  plT. 
castings.  DispositioTi  of  annealed,  (53.  p24. 
castings.  Examination  of,  (53.  p28. 
CBStingi.    Finishing   department   for,    |63. 

p2S. 
castings,  Pinisbing  soft,  153,  p2S. 
castings.  Galvanizing  of.  (53,  p38. 
castings.  Hematite  ore  for  pocking.  (53.  p4. 
castings,  Inspection  of,  {53,  p30. 
castings.  Iron  mixtures  for,  |51.  pl2. 
castings.  Irons  used  in  making,  (fit.  p0. 
coatings.  Mixture  for  annealing  pots  for, 

(51.  pte. 
castings.    Open-hearth    mixture    for.    (51. 


castings 

Packing  m 

aterialsfor 

(53,  p4. 

castings 

in  annealed 

(53.  p2. 

castings 

Pouring  in 

n  for.  (52.  p28. 

p26. 

reparatu 

n   o     m 

' 

castings 

Puddle  scale  for  packing.  (S3,  pi 

castings 

Special  an 

nealingovc 

«i)  for.  (53 

casting).  Special  annealing  process  for.  (53. 

p3S. 
castings.  Storage  of.  {53,  p30. 


cold  chisel.  (58,  pS. 

castings.  Tapping  iron  for.  (52.  pZ7. 

comer  plate.  (57,  p3a. 

castings,  Test  plugs  for,  (S3.  p27. 

diamond -pointed  Uthe  tool,  (58 

pis. 

cupola  prw:tice.  Fuel  ntlo  in,  (51.  plS. 

flat  drills,  (5S,  p28. 

furnace.  Skimming  of,  (51.  p28. 

flat  ring.  (57.  p3B. 

furnace  spout.  |Sl,p26. 

flat  spring.  (5S,  p24. 

iron.  Arrangement  of  tapping  spouts  fi 

162,  pl4. 

hexagonal  bolt  head,  {57,  p20. 

iron.  Charging  the  furnace  for,  (52.  pll 

pair  of  tongs,  (57.  p41. 

ring  hook,  (S7.  p37. 

iron.  Contraction  of.  (61,  p3. 

small  chain.  (57.  p40. 

iron,  DuctUity  ol.  (SI.  p2. 

small  chain  hook.  (57.  p23. 

sold^d  joint;  (ea.p34. 

pa. 

thermit  weld,  (63.  p2e. 

iron.  Ladles  for.  {S2.  p28. 

T  plate.  |S7.  p35. 

iron.  Melting  and  refining,  (SI.  Ii27. 

iron.  Open-hearth  melting  process  for.  ( 

slleable  casting,  {51,  pi. 

Pi. 

casting.  Coal  or  air  furnace  process  for,  (51 , 

iron.  Physical  properties  of.  (fil.  pi. 

plB, 

iron.  RabUing  a  charge  of.  (31,  p30. 

casting.  Furnace  bottom  tor,  |5 

,p7. 

in,n.  Resilience  of,  (51,  p2. 

casting,  Mdting  proress  for  (fll 

pl7. 

iron  scrap,  (51,  pll. 

casting.  Pill-hcBt  mixture  for.  (51,  pl7. 

castings.  Annealing  process  for. 

53.pl. 

iron,  Siemena-Uartin  ptoccM  for,  |S2. 
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II  anMble-  (ContinuMl) 

iron.  Tapping,  into  lacge  lodlo.  |52,  pfi. 

iron.  TcDsae  ativngtb  al.  fSl.  pi. 

ironuitpliu,  %51.p2S. 

iron,  Truuvcne  itnngth  of.  %51,  p2. 

mixtures.  Calculation  of.  fSl.  pI3. 
Uandrd  T»pend.  f56,  p28. 

Tip  of.  f afl.  p28. 
Manganew  bronie,  {54.  p3fi. 

CharacterinicE  of,  |51.  p31. 

in  alloys,  i54,  p31. 

in  maUabIc  iron.  |51.  pS. 
Uanufacture  ot  imn,  167.  pi. 

of  low-orboo  steel.  JM.  p2. 
UarkiOB  matenala.  fSS.  p33. 
Hatch  board].  {48.  pZ3. 

boards  with  removable  part  patterot,  |4S. 
p22. 

ptatea  with  movable  patterns.  |4S.  p31, 
Uaterial  uisdfor  batnmert,  156,  p31. 
Materials  lued  lor  drop-hammer  dies.  |tl2,  pl8. 
Heasurenitenta  ol  high  tempeiatureB.  |50.  p44. 
Ueanirei.  |5e.  p36. 

UeasurinK  wheel,  or  circular  rule.  [SS,  [i32. 
Mechanical  pqddlinfi.  |6T,  p4. 
Uetting  and  TcSnins  maneable  iron.  fSl.  p2T. 

brass.  Appliances  for,  iM.  p7. 

bra»,  Crucibles  (or.  154.  plS. 

brass,  Incrasing  Che  speed  of.  {54,  plS. 

brass,  Oudstion  in.  154,  pSO. 

brass.  Piecautioni  in.  |G4,  p21. 

copper  and  old  brass.  |54.  pi  7. 

processes  lor  malleable  casting,  151.  plT. 

Rate  of.  in  regenerative  furnace.  1S2.  p4. 

ratio  in  malleable  cupola  practice,  |51,  plB. 
Merchant  steel,  160.  pi. 
UercuTv  bath.  160,  p7. 
Metal,  Ajax.  164.  p3G. 

American  antifriction,  |54,  pS6. 

Antifrictlnn,  154.  p35. 

Babbitt.  IM.ppSl.  33. 

Camelia.  |fi4,  p35. 

Cold  saws  for,  169.  p24. 

Delta,  154,  p36. 

for  car  boxes.  |54.  p35. 

Graphite  besrinn.  154.  p3A. 

Gun.  154.  p2e. 

Salgec  antifriction,  |54,  p3S. 

White.  164.  p36. 
Metallic  hardening  bathi.  150.  pT. 
Metals,  Bearins,  154,  p37. 

Composition  of  bearing.  {64.  p35. 

Deo'xidiiing  of ,  |54.  p22. 

Report  on  journal-bearing,  |54,  p38. 

Weights  ot  various,  183.  p53 
Method  of  1 
p34. 


Method!  of  heating  iteel,  fE8.  p8. 

of  tempering,  |6B.  p8. 
Mill,  ander,  }50,  p44. 
MiUing  cutters.  |59.  pl7. 

cutters.  Hardening.  189,  pJ8. 

cutters.  Heating,  ^bB,  pi 7. 

cutten,  Hisb-carbon  tteel,  159.  plT. 

cutters,  Low-carboo  steel.  158.  pI7. 


plfl. 
Miier  (or  bumlog  ku.  153.  pI5. 
Mixers  for  sand,  149,  p3S. 
Models.  Lathe  and  planer  tool.  |S8,  p3S. 
Udd  conveyer.  f4B.  p41. 

pretsins  machine,  148,  p4. 
Molding  boards,  160,  pl4. 

Example  of  multiple.  |48.  p24. 
machine.  Automatic,  148,  pl7. 
machine.  Capacity  of  a,  148.  p8. 

r  curved  pipes.  f48.  p2S. 
neumatic-power,  14B.  pl3. 
Lripping-plate,  148,  plO. 
ibrator  for.  148.  pl4. 
thout  rammer,  148,  p20. 
rithout     stripping     plate,     |4bt 
pia. 
machines.  (48,  p3. 
machines.  Portable,  148,  p8. 
Materials  used  in  brass,  164,  pZ. 
I^wsfaares,  Machine  for,  {48.  p30. 
Sand  for  brtus,  164,  p2. 
Molds,  Blackenings  and  partings  for  brus. 


»,  154.  pi. 


164,  f 
CoTiipariaon  of  iron  and 
Drying  brass,  164,  ]>4. 
for  brass  castings.  Making.  |64,  p4. 
for  malleable  castings.  Pnparation  of,  153. 


1  feeding 


s.  154.  pS. 

Lycopode  for  br»is,  154,  p3. 

Mixing  facings  for  bran,  |54,  p«. 

Venting  brass.  f54,  p4. 
Moon.  163,  pl8. 

Motor-operated  hcrists,  163,  pl2. 
Muffle,  169.  p2. 

or  tube.  Method  of  using,  169,  p3 
UutBes  for  case-hardening.  160.  p30. 
Muriatic  add,  163,  p32. 
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Nature  -(Continued) 

and  compositioa  of  wrougbt  i«Hi,  f5T,  p3. 

of  higb-speed  tool  iteeli,  t^.  pZB. 
Nickel  Btcel.  {Se,  p7. 
Nitnuten,  ISi.  Vi2l. 


Obt«t  of  wddins.  f  ST.  pST. 

Oil  u  ■  hu-denlog  bath,  {SB,  pa. 

u  fuel  for  open-hurth  funuce,  {02.  pl8. 

baths.  tSS,  p43. 

baths  for  hardenint  high-speed  tteel,  160. 


p30. 


bunuDS  biau  funu 

la.  |M.  pl4. 

for4nne.liDgovel>,le 

pis. 

heated  annealing  f  ii 

irnaw,  (flO,  plZ. 

Lm«Md,  tS9.  pl8. 

M.  (or  fuel).  iSe,  p3. 

temperina.  (SB,  pS; 

;  iflO,  pl3. 

tempering  furnace. 

ISB.  p3». 

treating.  {60.  pJ3. 

treatment  of  ioir-a 

irbon  steel.  iW.  plB. 

treatment  of  smaU 

vrark.  180.  pU. 

USGOl 


I.  PIO. 


Open  fiie.  IS6.  plB. 

hestth  furnace,  fST.  p3:  faO.  p4. 
hearth  furnace.  Oil  as-fuel  for,  fS2.  plB. 
hearth  furnace,  Operation  of,  (67,  p4. 

|.12,  p20. 

hearth  furnace,  Tating,  (82.  plB, 

hearth  (umaces.  Fuel  for,  [52,  pl7. 

hearth  melting  process.  |52.  pi. 

hearth  miiture  for  rnaUeaWe  castings,  |61, 
pl3. 

hearth  procen  of  making  steel,  |eO.  p4. 

hearth  steel  for  tools,  16B.  p39. 
Operation  of  branng.  |83,  p39. 
Ore.  Imn,  |67.  pi. 
Ores,  Impurities  In,  |E7.  pi. 

Lean.  |5T,  pi. 

Rich,  |S7,  pi. 
Outside  calipers.  f.Wt,  p31. 
Oven-annealing  fumace,  fS9.  p34. 

Chimney  for  annealing,  |S3,  plS, 

Coal-dust-buming  equipment  for  annealtng. 
|53.plfl. 

Gas-burning  equipment  for  annealing.  |53, 
pM. 


nesling,  }S3,pl7. 
Ovens.  Annealing,  |53.  pS. 
Charging  annealing,  |S3.  pl9. 
Core.  fSO,  pis. 


Firing  anrualing.  | 


Ov«fl»— (Continued) 

,163,  p20. 
nnealing.  {S3.  pl2. 
Overhead  exhaust  system,  |66,  p9. 
f^dation  in  melting  brmas,  |64.  p20> 

of  iron.  f57.  p37. 
Oxide  of  copper.  fS3.  pM. 

of  iron,  183.  pM. 
Oxidiiing  fire.'  168.  pM. 
OxygeD.  |6Z,  p21. 


Pack  bardenliig.  ^M.  pll. 
Packing  material  for  annealing  pots.  Prepara- 
tion of.  f63.  p24. 

materials  for  case  hardening.  |60.  plfl. 

materials  (or  malleable  castings,  |63.  p4. 

work  to  obtain  ctAon,  |60.  p24. 
Parting  material  for  braia  mold.  f&4.  p2. 
Patterns.  Machines  for  drawing,  H8.  p9. 

Match  plates  with  movable,  f48.  pSl. 

Match  pUtes  with  ntmovaUe,  f4g.  pZ2. 
Peel  for  charging  a  furnace,  |62,  pl2. 
Phosphor-bmnie,  JS4.  Pp36.  38. 

tJn.  f83,  p3S. 
Phoaphorus.  (Hiaraeteristica  of,  {54.  p3e. 

in  coke,  {56,  pl3. 

in  malleable  iron,  (SI.  p7. 

objectionB  to.  in  fuel.  (56.  pl3. 
Phyiacal  changes  produced  in  anceAlins  mal- 
leable cartings.  |63,  pi. 

properties  of  nwUeable  inm;  |51.  pi. 
Pickling  brass  castings,  {54,  P7. 

castings.  (50.  pSB;  (52,  p33. 

solution,  Hydrofluoric-acid,  ISO.  p4I. 

solution.  Sulphuric-acid,  |S0.  p3B. 
Pick  point,  Method  of  steeling.  (58,  p27. 

tongs,  (5fl.  pl3. 
Pig  breakers.  H».  t>*8. 

iron,  (57,  p2. 
PiU-heat  miKtme,  (51,  pI7. 
Pinching  rolls.  (62.  pI2. 
Pins  (or  flasks.  (60,  p7. 
Pipe.  Bending  brass,  |63.  p45. 

Bending  copper.  (83,  p46. 

Wdding.  [67.  pS2. 
Pipes.  Machine  for  molding  curved,  (48,  p29. 
Piping.  (60.  p6. 
Plane  irons,  (SB,  p20. 

irons.  Tempering.  (59.  p21. 
Plate.  Core.  (60,  plT. 

iron.  Weight  of.  [63,  p62. 


Surfaci 


[66.1] 


Pistes.  Bending,  (63,  p22. 

RoUing,  (82.  p4. 
P|owah«rea.  ""■'"■"  tor  molding.  (48,  p30. 


sasiGoOi^lc 


Plus  and  f«t>i«  drin,  fSS,  p23 

Producer— (Continued) 

sn  as  funuct  fuel.  {52,  p20. 

foTJtinB  mKhine.  (82,  p34. 

hoist.  163.  pis. 

163,  pl7. 

power  moldiDg  muhine.  |48. 

pl3. 

gas.  Composition  of,  152.  i>20. 

ramiiKB.  PreHwre  rf  ur  for. 

HS, 

pi. 

.     work,  {80,  p28. 

Biter,  |4».  p34. 

Production  Qf  bUst,  168,  p5. 

Point  of  ncaleacenn.  f  5fi.  p3. 

of  hard  spots  in  work,  {80,  p23. 

Points  of  carbon.  {58,  I^. 

Poker.  156,  plfl- 

p22. 

Poppets.  [82.  pl6. 

PnjperweiBht  of  hammer,  {61,  pl8. 

Poftibleiorges,  158,  plZ. 

Pniperties  of  low-caibnn  ^teel.  {60.  pi. 

mending  machines.  |48.  i>8. 

Pnisnate  of  potash.  {60.  plS. 

Porter  bars.  181,  pai. 

Puddkr'n  rabble.  (ST.  p4. 

Ports  of  regentiative  fuma«.  R 

epai: 

ring, 

192  - 

Puddle  scale  for  pacWna  maUeable  casting*. 

p9. 

153.  M. 

Poation  ol  work  on  «iva,  157, 

.  p«. 

PuddUiw.  Hand.  {67,  p3. 

Ptwitive  rotary  blower.  »S6.  p8. 

machines.  {57,  p4. 

Pot  miituf*  for  aniualins  pots, 

(51, 

plB 

Mechanical.  157.  p4. 

Potcsh.  Use  of.  in  one  hardeniti 

IB,  l«,  p29. 

process,  {57,  p3. 

Potasrium  cyanide,  »60.  pl7. 

Punch,  Center  or  prick,  {68,  p35. 

cyMiide,  Vk  of,  for  case-hardenim  lorfs. 

Ptmehes,  {68,  p24. 

|60,  pl8. 

Steel  for.  {5S,  p28. 

Pyrometer,  Le  Chatelier.  {53,  p21. 

Covering  ol  anneallns,  {53,  p7 

Siemens  water,  163,  p21. 

Use  of,  in  annealing  Dven.  {53,  p21. 

Ufeofsnnealing,  {53,  pg. 

PyitjRieters.  f59,4>44. 

Packing  annealing,  {53,  pe. 

B 

Preparation  of  pacldnti  m>teiial 

for. 

{53 

Shaking  out  annealinR,  153,  p23. 
Pouting  iron  for  mallesble  casting,  16Z,  p: 
Power  hack  saw.  1S8,  i>38. 

hammer.  Definitinn  oi.  161.  pi. 

hammer  work,  {81,  pO, 

hammera.  {81.  pl. 
Practical  eiamples  of  fontioB.  {57,  p48. 
Precautions  in  forfiinR  >;tee1.  181.  p30. 

in  upsetting.  {57.  pi 5. 
Prrpuing  specimen  piece,  15S.  p6. 


Rabble,  167.  pi. 
RabUes,  Brtsd-bladed,  (57,  p4. 
Rabbi  inR,  180.  p6. 
a  charge  ot  malleable  iroo.  151.  p30. 


ind  laps,  (59,  p». 

n.  Straifhtcnins,  169.  pl4. 

s.  Tempering  of.  169.  pl4. 


Hot 


>ntal.{ 


■:   P31. 


Inclined.  {62,  pSn. 
Pte»»,  Hydraulic  f.irginB.  (81.  p31. 
a*tm.m  dmp.  tOS.  plH. 
Strap  and  pulley  <)ri>|i,  [82,  pifl. 

148,  pi. 

Principles  and  app1ir'atir>n  of  case  hardening, 

(60,  p15. 
Pritchel  hole.  [.^6.  pIS. 

hole.  Use  of,  in  bcnilinK  iron,  {67,  p9. 
Produc 


Regen. 


,  {59.  p2:  ]60,  p8. 
R  coni-ej-ers,  149.  p30. 
steel,  (5S.  p33. 
^,  (57.  pSa. 


J,  162,  p24. 
53B--43 


15Z.pl. 

lumace.  Gas  valves  for.  152.  p3. 

furnace.  Repairing,  fS2.  p9. 
Reheating  furnace.  163,  p34. 
Reins.  (56,  p28. 

pl5.       . 


s,  {,12,  p21. 
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Rttin—  (Continued) 

Uk  ai,  in  muffle.  ISB.  p3. 

U«e  of.  in  tubiOB.  |63,  pM. 

Vte  of.  on  copper  bit.  {fl3.  p33. 
Reverberstory  tumace.  163.  p3. 

furnace.  Double-decked,  (03.  pB. 

lumce.  Uk  of  wBite  heat  from,  |63,  pT. 
Revenie  ihaft.  Locomotive.  [57.  p47, 

ih»it.  Method  of  foniinK,  (57,  p47. 
Rich  ores,  (57,  pi. 
Rifle  barrels.  Rollins,  f  02.  p7. 
Rintr  hook.  Method  of  malnn«.  |S7,  p3T. 

Length  of  »tocl(  tot,  IS7,  p37. 
Riveting.  163.  pie. 

machinn,  163.  pl7. 
Rocker-ami.  Method  of  fonins,  |67,  PI>M. 

Rollins  ban,  (6Z.  p2. 


Ciaded,  |6Z,  p5. 

operaCians,  {62.  p3. 

;jatei,  (62,  p4. 

rifle  bamli,  (62,  pT. 

Scnw-thresd.  102.  pB. 

Special  Kiaded.  (62.  p8. 
'  with  di«.  162,  p5. 
RoUB.fe2.pl. 

Bending.  (62.  pll. 

Pinching,  (02,  pl2. 

Three-high,  (62,  p2. 
Rope-lift  hammer.  (62.  plS. 
Rosin  grinder.  (50.  p27. 
Rotary  blower.  (56,  p7. 

ten,  [6S.  pG. 
Rough  welding.  (61.  p29. 
RouKhing.  (SI.  p2B, 
Round  drawing,  |G7.  pT. 
Rubber-belt  conveyer.  140,  p32. 

cudiioned  helve  hammer.  (61.  p3. 
Rudder  frame,  Method  of  foiBinij,  (57,  pSI. 


Safety  vAlvea  in  blait  pipea.  (S6.  pll. 

Sal  ammoniac.  (63.  p3Z. 

ammoniac.  Use  of.  on  copper  bit.  (S3,  p33 
Solgee  antifriction  metal,  (M,  p35. 
Salt  lolutianii.  (59.  pO. 

Sand  bUat  for  cleaning   castings.  (SO.  p41: 
152.  ii33. 

bUst.  lldmet  for,  operator.  |S0,  p43. 

blast  tumUiiw  barrela,  (SO.  p43. 

conveyers.  (49.  p2«. 

elevaton.  (49.  ptO. 

forbiasswork.  154,  p2. 

mixers.  (40.  p3n. 

alXen.  (49,  p32. 

temper-drawing  furnace,  (GS.  p3T. 


Sand— (Continued) 

tempering  nuchine,  (40,  p39. 

Use  of.  for  bluing  rteel,  160,  p36. 

Use  of.  for  ccmpei-dnwing.  (SB,  p37. 
Saw-file  temper.  15fl,  p4. 

Gate.  (50.  p3Z.     ' 
Sawi,  Band,  for  metal.  (50,  p33. 

for  metal,  ISS.  p24. 

Hack,  (56,  p3e. 
Scarf  welding,  (57.  p29. 

welds.  157.  p2S. 

welds,  Examples  of.  (57.  pSa. 
Scrap,  Annealed.  (51,  pll. 

Hard.  151.  pll. 

Malleable- lion.  {51,  pll. 

metal  for  brass  and  brome  caatiiigi. 


P37. 

Sted.  (SI.pll. 
Screw-threul  rolling.  (43,  pB. 
Sciiber.  (56.  p34. 
Second-motion  dies.  (62.  p32. 
Selection  of  steel,  (SB.  p28. 
Sdf-hardeniDg  steel.  (58.  p2B. 
Sepanbira,  Maiinetic.  (40,  p30. 
Set  hammers,  (56.  p22. 

temper,  {58,  p5. 
Settioa  an  anvil,  (56,  pIS. 
Shaft.  Flexible.  (50,  p3D. 
Shafts,  Fonpng  hoUow,  (Bl,  p34. 
1,  I61.p31. 


Porgi 


i.m.f 


Shank  for  cruciUe,  (54.  p20. 
miUl,  Heating,  hardening,  i 

isa.pie. 

Shear  of  Uades,  162,  p2S. 

■(eel,  158,  pi. 

Vertical.  (62,  p28. 
Shean,  (62,  p27. 
Sheet  iron.  Wei^t  of.  (63.  pS3. 
Shingle  slab,  (61,  p2B. 
Shinning,  (57,  p33;  161,  p2S. 
Shovel,  (56,  p16. 

Shrinkage  of  malleable  iron,  151,  p3. 
Shrinker,  Use  of.  in  moiAs  for  malleable  csut- 

ings,  ISZ,  p27. 
Side  cutter,  (66.  p26. 

tool.  Method  of  forging.  (58,  pl7. 
Siemens- Martin   procem   lor  maUesble  iron 
182.  pi. 

valves,  152.  p3. 

water  pyrometer.  (53.  p21. 
Sifter,  Pneumatic,  (49,  p34. 
Silicon.  Amount  of.  in  duueoal  ban,   |S1, 
pB 

in  maUeaUe  iron,  (61,  p4. 

Use  of.  in  alloys.  (54.  p23. 
Silver  solder,  iS3,  p37. 
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Singli!  ulipen,  156,  p3l. 

Spdter^(ContinuedJ 

fnnw  hammere  {61.  plS. 

Composition  of.  (83,  p37. 

admrningUBls,  iSI,p28, 

for  braring  cast  iren.  (83.  p«. 

8Ub,  ISl.  pZS. 

Selection  of,  (63,  p4D. 

Shingle,  lai.  p2S. 

Uk  of.  in  biaxing,  |63,  t>37. 

SliW.  157.  p2. 

Spindle  temper.  (58.  p4. 

Skimming  of,  tor  malleable  fui™« 

(51. 

Spirnl  sprinsi.  (59.  p38. 

p28. 

Spoons.  Rolling,  (62,  p6. 

Slale  pencas.  (56.  p33. 

Spout  of  a  malleable  furnace,  |S1 ,  p26. 

Sledge  Hand.  {SR.  plS. 

Spring.  Forging  a.  (58,  p24. 

Swliw.  IS8.  pl9. 

Sledse*.  WeiRlits  ot.  (58.  p20. 

Testing  a.  (5R,  p2,^. 

Slip-jirint,  (63.  P*l. 

Springs.  169.  p25. 

Small  coke  ft.™«.  163,  pi. 

iimrk.  Hardeninx.  (60.  p20. 

Coiled.  (59.  p27. 

work,  on  treatment  of,  (60,  pU. 

Sprinkler.  (56.  pi 6. 

Smp  Ra^k,,  (50,  pl2. 

Spnae  cutter.  (50,  p32. 

Soaking.  |58.  pB. 

Sprues,  (Sl.pll. 

Boapstone  pencil,  156,  p33. 

Squan  drswing.  (57,  pS. 

U«  of,  fot  markma  hot  work,  187.  p7 

headed  boll,  (57.  pl6. 

Soft  coal.  (56,  pl3. 

Squeezer.  (62.  p2. 

folder.  (63,  p30. 

SuH.  16],  p27. 

SUple,  Ponfing  a.  (07,  plO. 

Solder,  (63.  p.30. 

Star  castings  for  tumbling  baneli,  |50,  p34. 

Stationary  forges,  (56,  pi. 

for  band  ««s,  (83.  p44. 

for  tempered  steel,  (03.  p43. 

drop  press.  (62,  pl8. 

Holf-nnd-half.  (63,  p30. 

forging  hammer.  (61,  ppH.  12. 

Hard,  1S3.  p-IO, 

Silver,  (83.  p37. 

hammer  valves,  (61,  plB. 

Soft.  (63.  p30. 

hammers,  (61.plO. 

Soldering,  (63,  p30. 

Definition  of.  (63,  p30. 

Bessemer  process.  [60,  p2. 

Blister.  (58,  pi. 

Smdandfluxe!!,  (63.  p3l. 

Bluing  polished.  (60,  p38. 

iron.  183.  p30. 

Brazing  Umpend.  }63,  p42. 

nmrting  and  brazing,  (63,  p30. 

BreakinB,  158,  p36. 

Solid  foandatiorii.  (62.  p24.      . 

Burning  of.  (58.  p26. 

Special  applications  of  electric  weldinfl 

!«3. 

Carbon.  (58.  pi. 
Cast,  (68,  p2. 

p24- 

casUng.  (58.  p3. 

castings.  Iron  flasks  for,  [50,  p2. 

tot«ins  operations,  (83,  pi. 

Cooling,  (38,  p27. 

Crucible.  (SS,  pi. 

(.W.  p32. 

Double- shear.  (58.  p2. 

graded  rallinB,  (62,  p8. 

Effect  of  carton  on,  (58,  p26;  (59.  pi. 

hardenins  tank,  (59,  pl2. 

Effect   of    heating    low-carbon.  (58,   p28 

bardie  for  stone  drills.  (58.  p22. 

(60.  pS. 

heating  lumace  for  high  temperature 

(63. 

Effect  of  repeated  heating  on.  (63.  p26. 

plO. 

facing.  (58.  p28. 

t«>l  dresfflng.  (5H.  p20. 

Fluid  compression  o(,  (60,  p7. 

■wages.  (58.  p20. 

for  dies.  (59.  p2S. 

Spedmen  piece,  (5S.  p6. 

for  punches    (.W,  p28. 

piece,  Hardening,  (58.  pT. 

for  reamers,  (.-iB  p28. 

piece,  Prepenition  of.  (58.  p6. 

for  laps.  (59.  p28. 

Spdtar,  (63.  p30. 

for  turning  chilled  iron,  (SB,  p28. 
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n.  (61.  p3a. 
■rbon.  |ei.p30- 
salinii.  160.  pll. 
ice  for  hiKh-speetl.  |SS.  p3£. 
jtlow-crbon,  1«0.  pi. 
temper,  and  ti«tment.  fS8. 


Merchant.  |60.  pi. 

Methods  of  ncoeniz 

kel.  leo.  pT. 


Oil  ti 


.  of  IO¥ 


Optn -hearth  pmceBS.  (60.  p4. 
Precaution*  in  forging.  |6 1 .  p30. 
Propenies  of  low-carboo,  |60.  pi. 
•crap.  |5I.  pll. 
Selection  of.  (SB.  pZ8. 
Shear.  (S8.  pi. 
Singte-Bheiu,  t^S.  pS. 
Temper  of.  |58,  p4. 


Stool  far  anitealinfi  pots.  (63.  pa. 
Storage  of  malleable  castings.  (53,  p30. 
Straiflhl- draft  fumnce.  (51 ,  pZI. 

peen  hammer!,  158,  plB. 
Strap  and  pullev  drop  press.  (62,  plS. 

hammers,  (61.]£. 

Knuckle-joint,  (57,  p«. 

lift  hammer,  (62,  pi  5. 
Strapf,  Methods  of  fonpng.  |57.  p2S. 
Strippins-plate  molding  machine.  (48.  plO. 
Structural  shapn,  Method  o(  heDdiog.  (63. 

p21. 
Sulphuric-arid  pklding  sol 
Sulphur  in  coke.  (56.  pl3. 

In  malleable  iron,  (SI,  p6. 

Obiectioni  to.  in  fuel.  (£6.  pl3. 


Use 


i.pl. 


(99.P29. 

Welding.  (61.  p30. 

Welding,  to  iron,  (61.  p34. 

wire  brushes,  (50.  p30. 
Steeling.  (58.  p2T. 

a  pick  point.  (58.  p27. 
Steels,  Air-hardcTfiilR.  |58.  pZ9. 

AUoy.  (58.  pi. 

Carbon.  (Sfl.  pi. 

(60.  p5, 
CnolinH  high-speed.  158.  p31. 
Definitions  of.  (58,  pi. 
Forging  high-speed,  (68,  p30. 
Grinding  hi)ih-speed.  [58.  p32. 


HiHh-,:Brhon,  (SS,  pl. 

Low-carbon.  i!>9.  pl, 

OfT-heats  of,  f.?9.  p2S. 

Self -hardening.  (58.  p2g. 

Temperind  high-speed.  (58.  p30. 

Tool.  (58.  pl;{5B,  pl. 
Stock,  Allowance  of.  for  welds.  (63,  p48. 

Estimation  of.  (63,  p47. 

forbolts,  (57.  p20. 

yurdforfoundry.  (W,  pll. 
Stocks.  161. p21. 
Stone  chisel.  (58.  p20, 

drills,  Dressina,  (58,  p23. 


(50.  p3B. 


Surf  at'' 


e.  (.56,  p29. 


e,  158,  p 

plate.  Erection  of.  (56.  p29. 
Swage,  (56.  p33, 

blocks.  (56,  p27. 

bottom.  (56.  p25. 

for  chisel  heads,  (5S,  p21. 
Swages.  (61,  pZ3. 

Special.  (.^.p20. 

with  handles.  (61.  p£4. 
Sweating.  158.  P.1U  (63.  pp30.  36. 
Swing  sledge.  (56.  p20. 

■ledges.  (58,  pl9. 


T-headert  planer  hnlt.  (57.  pl8. 
T-plate,  Method  of  makina,  |57.  p3S, 
Tallow.  16.1.  p32. 

Tank  for  hardening  tooli.  (SB,  pl2. 
Tape,  Measuring.  (58,  p36. 
Tapered  mandrel,  (.16.  p2S. 
Tapping  iron  for  mallpable  costings.  (52.  p27. 
:.  Airangentent  of.  (52. 


p14. 


ncrs.  (58.  p9. 

■n.  Cooling  baths  tor,  (SB,  pl2 
s.  Straightening,  (.19.  pl4. 
t.  (5B.  pl4. 


el  for.  (59,  p28. 


Telltale.  (59.  pll. 

Triltnles  or  indicators.  (60.  p24. 

Telphers.  (49,  p29. 

Temperature  for  braiing,  (63,  p40. 


la  colon,  (63,  p4B. 


^aovGoOt^lc 


Tinning,  (63.  p32. 

For  tnatiiis  itcel,  |60,  pl6. 

a  copper  bit.  (63.  p3.1- 

Temper.  Carbon.  Ifil.ppl.  8. 

iron,  183,  p3S. 

Chisel.  158.  p4. 

•Up  of  mandrel,  (56.  p28. 

color  chart.  158.  p8. 

•nr*»h«l.(56.  p32. 

eolor..  158.  p7:15B.  p8. 

Tongs.  (56.  p26. 

tures. 

Bolt.fiB.p27. 

Tnhld.  tas.  pB. 

Care  of.  (56.  p26. 

ding  to 

.158, 

Coupler  for.  156,  p26. 

pS. 

.     Crucible.  (54.  pl8. 

Die.  i68.  p6. 

Flat,  (58,  p27. 

Gad.  (56,  p27. 

153. 

Jaws  of.  156.  p2a. 

pZl. 

Method  □(  making,  |57,  p41. 

Method  of  drawing,  |58.  p7. 

Parts  of.  156.  p26. 

of  tool  Med.  i58.  p4. 

Pick-up.  (56.  p27. 

Razor.  |58,  p4. 

Reins  of,  (56,  p26. 

S»w-file.  isa.  pi. 

•-shaped.  (.56.  p27. 

Set.  IfiS.'pS. 

Tool  dresser's  forge.  (5B.  p3B. 

Spindle.  158,  pi. 

diesnng,  (58,  pi. 

Tool.  158,  p4. 

for  patching  furnace  bottom,  (52,  p7. 

Tempering  boring  tool.  f58.  p30. 

Hammer.  (fil.pZl. 

by  color.  ISB,  p8. 

Heading,  (58.  p26. 

circular  «wt.  |SS.  p23. 

room  forge.  (59,  p33. 

aJd  chiBl.  1S8.  plZ. 

steel.  1S8.  pi. 

DeHnitian  of,  )58,  pp4,  6. 

.steel.  Methods  of  working.  (58.  p6. 

diw.  Method  of.  IS9.  p2a. 

steels,  158.  pi:  15!!.  pi. 

drilla.  166.  plfl. 

steels.  High-speed.  (58.  p29. 

high-ipeed  steel.  {59.  p31. 

l«mper.  (68.  p4. 

high-epred  tool  n«l..  158.  p30 

io  oa,  169.  pS. 

AnvU.  156.  p25. 

large  spiral  .pring..  ISB.  p28- 

large  spring,.  |5B.pM. 

millinB  culle™,  159.  plB. 

Taveler.  156.  p32. 

of  tap>  and  leomers.  JSS.  pI4. 

Traveling  ciane.  (63.  pl4. 

plane  iron*.  |5»,  p21. 

crane,  Use  of.  for  charging  annealing  ovens. 

ride  tool.  158.  pl8. 

(53.P33. 

small  springs.  ISB.  p27. 

cranes.  |4B.  pi 6. 

Tenifle  strength  of  maUeable  iroi 

1.  ISl, 

pi. 

Traverse  wheel,  (66,  p32. 

Test  plug,  (51.  pp37.  28. 

Tray  for  oil  treating  steel,  (80.  pl5. 

Testing  a  spring.  158,  pZ5. 

-  Treatment  of  low-carbon  steel.  (60.  pi. 

of  electric  welding,  m.  P23. 

Trolley  system.  (63,  pl2. 

Thermit.  (60,  p7,  (63,  p2B. 

systems.  (49.  pZ4. 

steel,  !fl3,p27. 

Truck.  Charging.  (53.  pl9. 

U«  of  heat  from.  163.  p38. 

Trucks  lor  rare  ovens.  (60.  p21. 

welding.  163,  pZ6. 

Tube  or  muflle  in  forge,  (59.  p2. 

*eld=.  Molds  for,  163.  p28. 

Tulnng.  Bending.  (63.  p4.S. 

«.  (SB, 

,  Pl7. 

Materials  for  filling,  when  bending.  (63,  p4e. 

Use  of.  in  tumbling -barrel  furna 

,ce,  159,  p3S. 

Tumbling-barrel  furnace,  (53.  p35. 

Three-high  rolls.  162.  p2. 

barrels.  ISO,  p33;  tS2,  p30- 

TUting  opeo-hearth  furnace.  152, 

pl6. 

barrels,  Eihaust.  (50.  p36:  152. p31. 

Tin.  (63.  p35. 

barreh  for  brass  castings.  (54.  p7. 

and  copper  alloys,  154,  p2S. 

barrels.  Oblique.  (50.  p37. 

bath.  150,  pT. 

barrelR,  Sand-blast,  (50,  p43. 

Block.  154.  p2a.    ■ 

barrels.  Star  castings  for.  (50.  p34. 

Grain,  154.  p26. 

barrels.  Water,  ISO.  p38. 
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Weiaht-fContinued) 

hard  CMlingB.  153.  p29. 

of  square  and  round  wmufiht  iron.  (63,  p60. 

toU  caslinm.  03.  pZ4. 

Turning  t™l  fw  m.rWe.  ^58.  p23. 

Tuyire,  Definition  of,  1»,  p3. 

of  various  rtwtals  in  ordinoir  use-  (83.  p63. 

iron,  168.  p2. 

Welding.  157.  p27. 

Tw«Kre.  Methort  of  bcMing,  |63. 

p42. 

Twin  driUs.  159.  pl5. 

angles.  163,  p20. 

Twisting.  157,  pll. 

Apparatus  used  in  electric,  193.  p23. 

Definition  of.  1S7.  p5. 

boiler  tubes.  (S7.  p53. 

the  hook,  (ST.  pl4- 

Conditions  governing,  (67,  p27. 

Typ«  <A  bmred  joint.,  183.  p41. 

Definition  of.  (57.  p6. 

Q(  hammer  frames,  181,  pl6. 

Electric,  (63.  p22. 

flat  in>n  hoops,  163,  p23. 

U 

Object  of.  157.  p27. 

U«  Q(  Old  bone,  ion,  p23. 

pipe.  (57.  p52. 

ol  thermit  to  prevent  piping.  IW 

P7. 

Rough.  (61.  p2». 

UKful  tablei.  {63,  p49. 

Special  appIi<:ationt  of  electric,  (63,  pM. 

Upriaht  helve  hammer,  181,  p5. 

steel,  (61,  p30. 

Upattins,  16f.  pU, 

steel  toiran,  (61,p35. 

Delinition  ot,  |67.  p5. 

Thermit.  (63,  p26. 

Precautions  in,  167.  pl6. 

toe*  steel.  (58.  pM. 

upKmp.161.pZ7. 

V 

Welds.  Butt,  157,  p29. 

aanification  of,  1S7,  p29. 

V-ihaped  Kinfii.  {66,  p27. 

deft.  (57.  pZ9. 

Valve,  Butterfly,  152.  plO, 

Jump.  157.  p29. 

yoke,  Locomotive,  1S7,  p60. 

Lap.  (57.  p29. 

yoke,  Method  of  forging,  167.  pSO. 

Names  of.  (57.  r29. 

Valve..  Siemens.  152.  pS, 

Scarf,  (57,  p29- 

Staim  hammer,  181,  pl2. 

Whiteiron,  {61.pl. 

lead,  lor  marking,  (56,  p34. 

metal,  (64,  p35. 

Venting  boss  molds,  {64,  p*. 

Wind  boi,  156,  p2. 

Vertinl  preu  or  punch,  182,  p2e. 

Wirt  cutter,  (50,  p27. 

•hear.  182.  p2g. 

Work  involving  butt  welds,  (57,  p43. 

Vibrator  (or  molding  machine,  (48 

Pl*. 

involving  lap  welds.  [57,  p«. 

Vise,  Anvil.  {60,  p30. 

involving  scarf  welds,  (57.  p33. 

Benrh.  {58,  p30. 

Working  of  metals  by  machine,  (62,  pi. 

iaws,  168.  p31. 

tool  steel.  (58.  p6. 

Leg.  (68.  p30- 

■  Wrench.  Method  of  forging.  (62.  p21. 

Volta.  (68.  p32. 

Wrought  iron.  Effect  of  careless  heating  nf. 
(S7.  pS. 

lioo.  Effect  ot  rtpested  healing  an.   103 

WabWer  heads.  {62,  p2. 

p26. 

Water  and  brine  baths.  (69.  p«. 

iron.  Effects  of  reheating.  {57.  p5. 

annealing.  {50,  p5. 

Iron.  Manufacture  of.  (67,  p3. 

boih,  151.  p29. 

tor  hardcmn,,  (69.  p6. 

iion.  Weight  of  square  and  round.  193.  p50. 

Z 

trouah,  {56.  pi. 

WeiRhl.  vnluirc,  and  measure  of. 

{93.P53. 

Zinc,  (83.  p32. 

Weight  of  a  lineal  foot  of  flat  bar 

ron.  (83, 

Alloying,  with  copper.  154.  p3n. 

p51. 

and  copper  alloys,  154,  p28. 

of  anvils,  (58.  pl8. 

Characteristics  of.  154.  p28. 

of  sheet  and  plfltc  iron,  {63.  p52. 

Whit*,  for  marking.  156.  p34. 
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